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The Cyclic Obesity/Weight-Based Stigma (COBWEBS) model is an original, theory-
based framework that describes how stress from obesity- and weight-stigma promotes weight 
gain among individuals of higher weight. Though the COBWEBS model advances our 
understanding of how stress promotes weight gain, gaps within the model related to physical 
activity (PA), metabolic risk, and the psychological constructs underlying PA and eating 
behaviors remain. Using primary and secondary data analysis, this dissertation expands the 
COBWEBS framework to address these gaps.  
Study 1 of this dissertation examined the association between stress, objectively 
measured PA, and the moderating effect of PA enjoyment among adolescents with 
overweight/obesity. Greater stress was found to be associated with lower enjoyment of PA. 
However, stress was not associated with objectively measured PA, nor was PA enjoyment a 
significant moderator. Findings from study 1 suggests that increased stress may exert more 
immediate effects on factors preceding PA, which may ultimately lead to decreased participation 
in PA among adolescents with overweight/obesity. 
Study 2 of this dissertation examined the association between acute stress, caloric intake, 
and the moderating effect of disordered eating behavior in adolescents with overweight/obesity. 
Acute daily stressors were associated with greater caloric intake. Disordered eating behavior 
moderated the association between acute stress frequency and caloric intake, but not between 




daily stressors may increase food intake in adolescents with overweight/obesity, with greater 
susceptibility among those with high levels of disordered eating.  
Study 3 of this dissertation examined biobehavioral pathways linking stress to metabolic 
risk in adolescents with overweight/obesity. Stress was not association with metabolic risk, nor 
was PA, caloric intake, or cortisol significant mediators. However, racial differences in 
metabolic risk was observed. Specifically, higher levels of stress was associated with lower 
insulin sensitivity (Si) among Black adolescents, whereas the inverse association was observed 
for White adolescents. Study 3 findings suggest that stress may uniquely influence racial 
differences in metabolic risk among Black and White adolescents with overweight/obesity. 
Study 4 of this dissertation examined the association between weight stigma exposure 
and health-promoting intentions and behaviors among older adolescents. It was observed that 
prior weight stigma experiences were associated with PA avoidance. However, prior weight 
stigma experiences was not associated with positive PA or eating intentions, nor were there any 
differences in positive PA intentions, PA avoidance, or eating intentions and behaviors among 
participants. Study 4 findings indicate that greater weight stigma experiences may lead to higher 
avoidance of PA.  
Together, findings from these studies suggests that psychological stress affects behavioral 
antecedents such as physical activity enjoyment, and that greater susceptibility to the effects of 
stress on eating behavior is pronounced among those with disordered eating behavior. 
Additionally, the stressor of weight stigma leads to the habitual avoidance of engaging in PA. 
Upstream, preventative approaches addressing these behavioral precursors may help interrupt the 





Chapter 1  
Introduction 
 
Childhood obesity is a national public health epidemic. Presently, obesity is estimated to 
affect nearly twenty-one percent of adolescents between the ages of twelve to nineteen years of 
age1. Obesity is known to be associated with several major health outcomes such as type 2 
diabetes mellitus, hypertension, depression, anxiety, in addition to unhealthy weight loss 
practices such as dieting2–4. Obesity during childhood and adolescence is particularly concerning 
due to the increased risk that earlier acquisition of obesity presents with regards to many of the 
aforementioned health outcomes. Childhood obesity is also concerning given that adolescence is 
a critical developmental stage, where key health behaviors are developed, and where excess 
adiposity and its comorbid conditions can begin and then track into adulthood5. 
An important feature of adolescence that may have major biological and behavioral 
implications for obesity is stress exposure. Adolescence marks a critical period for increased risk 
for psychological stress, stemming from several physical, psychological, and social factors that 
change during the adolescent period6,7. Psychological stress can be experienced and appraised as 
threatening when the resources to deal with a demand (i.e. the stressor) are either unavailable or 
insufficient8. Adolescents with overweight and obesity in particular, experience greater 
biological stress responses (e.g. stress reactivity), increased cardiovascular risk (e.g. 
hypertension), and encounter greater stress exposure as a result of their weight (e.g. weight 




salient source of stress for adults and adolescents with overweight and obesity is weight 
discrimination. Weight discrimination has been shown to be extremely common in the United 
States and Canada, and stems in part from the beliefs that those with overweight and obesity are 
“lazy”, “lack self-discipline”, and “have poor will-power” often resulting in a lack of compliance 
with weight loss plans11. Weight discrimination manifests in different forms including but not 
limited to: bias, verbal and physical assaults, along with negative attitudes and stereotypes12,13. 
Furthermore, weight discrimination occurs across a multitude of settings including employment 
settings14, health care settings15, and schools16–18—a setting where children and adolescents 
spend a majority of their waking hours.  
The increased weight discrimination experienced by individuals with overweight and 
obesity, naturally affects day to day activity, including health-promoting behaviors and the 
psychobehavioral constructs underlying such behaviors. This increased stress exposure resulting 
from weight discrimination has been found to be associated with health behaviors such as 
increased food intake19. Consequently, increased psychological stress exposure originating from 
weight discrimination along with increased stress responses in adolescents with overweight and 
obesity, may work together through multiple biological, psychological, and behavioral 
mechanisms to then increase weight gain. Emerging lines of evidence from longitudinal studies 
within the weight stigma literature point to the fact that weight related teasing and pressures 
during adolescence lead to weight gain in young adulthood20–22. 
Conceptual Framework: Cyclic Obesity/Weight-Based Stigma (COBWEBS) model 
COBWEBS is a stigma-based obesity model9 that proposes that individuals who are perceived to 
carry excess weight (i.e. overweight or obese), face greater obesity/weight-based stigma. It is an 




discrimination—leads to a continuous cycle of weight gain amongst individuals experiencing 
weight discrimination and stigma. This pervasive stressor effectively leads to the promotion of 
weight gain via increased eating (i.e. stress-induced comfort eating) and increased release of the 
stress hormone cortisol, together acting to increase abdominal fat storage and weight gain over 
time. The presence of weight discrimination faced by those of higher weight status, leads to a 
positive feedback loop, with greater weight begetting more weight, further challenging, and 
disenabling those with overweight or obesity from successfully losing weight. The COBWEBS 
model is a unique model that advances the general model of stress and weight gain through three 
main contributions: it i) identifies weight stigma as a specific source of stress that has its own 
health damaging consequences; ii) highlights that normal coping responses are likely not 




Figure 1.1 Cyclic Obesity/Weight-Based Stigma (COBWEBS) model. A. Janet 
Tomiyama, Appetite, 2014. 
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It is important to note that psychological stress exposure in adolescents with overweight 
and obesity may not only lead to more weight gain, but may also accelerate the development of 
metabolic risk factors independently of weight gain. Psychological stress arising from weight-
based stigmatization has been previously implicated with adverse metabolic risk profiles 
including but not limited to impaired insulin sensitivity and increased abdominal adiposity in 
adolescents. Specifically, investigators examining the association between weight-related 
pressures to be thin in adolescents with healthy weight and those with overweight/obesity 
observed that greater pressure to be thin was associated with greater fasting insulin and 
decreased insulin sensitivity23. Others studies within the adult stress literature have also noted 
that psychological stress is associated with increased metabolic risk24,25. The impact of a stressor 
such as weight discrimination on metabolic risk may go through a biological pathway involving 
cortisol. Evidence from studies such as the one conducted by Tomiyama and colleagues, where 
weight stigma experiences were associated with cortisol awakening response in adult women 
with overweight and obesity26, along with others27,28, demonstrate that weight discrimination and 
weight stigmatizing experiences may dysregulate the biological stress response [the 
hypothalamic pituitary adrenal (HPA) axis], which in turn may lead to increased risk of 
metabolic disease. Therefore, it is crucial to determine through which pathways psychological 
stress influences health-promoting behaviors during adolescence, in order to find ways to 
alleviate its long-term ramifications on metabolic health outcomes. 
Statement of Problem 
The COBWEBS model is an important model in considering how the pervasive 
phenomenon of weight discrimination perpetuates weight gain among individuals. Building upon 
the COBWEBS framework will not only help researchers in understanding the impact of weight 
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discrimination, but will further enhance our understanding of the impact of psychological stress 
on weight gain, and the psychological, biological, and behavioral factors that underpin risk for 
metabolic disease. The COBWEBS model has provided a remarkable foundation for this 
investigation, however, as with all models, gaps remain, particularly regarding physical activity, 
physical activity enjoyment, disordered eating behavior (a deviation from a normal, socially 
acceptable, health maintenance-focused approach to food such as extreme caloric restriction, 
unhealthy dieting through skipping meals29), and metabolic risk factors that may precede or 
follow obesity. This dissertation fills in these gaps by expanding the COBWEBS framework 
through three main facets. First, this dissertation expands the COBWEBS model by investigating 
the psychobehavioral constructs that may underlie eating and physical activity behavior. 
Secondly, this dissertation expands the COBWEBS model by including physical activity, an 
important factor when considering energy balance within the framework. Furthermore, through 
the addition and consideration of risk factors, this dissertation also expands the COBWEBS 
framework by examining metabolic risk factors that may precede further weight gain in 
adolescents with overweight and obesity. Lastly, with the examination of the impact of weight 
stigma on future exercise and eating intentions, this dissertation not only further confirms the 
influence of weight stigma as a salient stressor that affects health behavior intentions, but also 
provides data for longitudinal studies to do the same.  
In summary, the expansion of the COBWEBS model further advances our understanding 
of the impact of psychological stress (including that of weight stigma) on physical activity, as 
well as on the psychobehavioral factors underlying physical activity and eating behaviors, and 
metabolic risk. The findings from this dissertation improves our awareness of how stress acts on 




Figure 1.2 Expanded COBWEBS model, including psychobehavioral constructs, physical activity, and a metabolic risk factor 
(insulin resistance via insulin sensitivity).  
 
Purpose and Aims 
Study 1 Aims: The aim of the first study was twofold: (1) to determine the cross-sectional 
associations of psychological stress on physical activity enjoyment and physical activity 
participation [MVPA, and total physical activity (TPA)] in adolescents with overweight/obesity; 
and (2) to examine the potential moderating effect of physical activity enjoyment on the 
association between stress and physical activity participation.  
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Study 2 Aims: The aim of the second study was to examine the associations between acute daily 
stress dimensions (frequency, sum) and food intake in adolescents with overweight/obesity, and 
to explore the potential moderating effect of disordered eating behaviors on these associations. 
Study 3 Aims: The aim of the third study was to examine racial differences in the association 
between psychological stress and metabolic outcomes—insulin sensitivity (Si), disposition index 
(DI), and acute insulin response to intravenous glucose (AIRg), among non-Hispanic White and 
non-Hispanic Black adolescents with overweight and obesity. 
Study 4 Aims: The aim of the fourth study was two-fold: (1) to explore cross-sectional 
associations between prior weight stigma experiences, PA intentions and behaviors; and (2) to 
examine the acute effects of a weight stigma exposure on PA intentions and behaviors among 
older adolescents/young undergraduate college students. 
Hypotheses 
Hypothesis 1a: It was hypothesized that increased psychological stress would be associated with 
decreased physical activity enjoyment and physical activity participation.  
Hypothesis 1b: Secondly, it was hypothesized that the associations between psychological 
stress, MVPA, and TPA participation would be moderated by enjoyment of physical activity, 
where greater participation in physical activity (MVPA and TPA) would be seen among high 
stress youth with higher enjoyment, compared with those with lower enjoyment. 
Hypothesis 2a: The primary hypothesis was that higher acute daily stress would be associated 
with higher daily caloric intake.  
Hypothesis 2b: It was also hypothesized that the associations between acute daily stress and 
daily caloric intake would be modified by disordered eating behavior.  
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Hypothesis 3: It was hypothesized that Black race and increased psychological stress would be 
associated with decreased Si, DI, and increased AIRg among sample participants, and that the 
association between psychological stress and metabolic outcomes would be modified by race. 
Hypothesis 4a: It was hypothesized that higher levels of prior weight stigma experiences would 
be associated with lower physical activity intentions and behaviors. 
Hypothesis 4b: It was also hypothesized that an acute exposure to weight stigma would be 
associated with short-term declines in physical activity intentions and behaviors. 
Significance 
Physical activity is a major component of energy balance, and a key factor in weight 
maintenance and metabolic health. By understanding the mechanistic pathways by which 
psychological stress affects physical activity behavior and the psychobehavioral constructs that 
affects one’s drive to engage in physical activity, the influence of psychological stress—
especially that of weight discrimination, may in turn be diminished or otherwise eliminated in 
individuals with overweight and obesity. This disruption to the feedforward cycle of weight 
stigma during the critical period of adolescence, may thereby allow for public health 
interventionists and other stakeholders to more effectively reduce weight gain and as a result aid 
in improving metabolic risk prior to adulthood. Importantly, an expansion of the COBWEBS 
framework examining psychobiobehavioral effects of psychological stress not only on eating 
behavior, but also on physical activity behavior along with central psychological constructs 
underlying these behaviors including physical activity enjoyment and disordered eating behavior, 
will grant a more comprehensive picture of how stress contributes to weight gain in adolescents 
with overweight/obesity. Additionally, these analyses will enable us to identify which 
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adolescents are at increased risk of changes in their health behavior during periods of heightened 
psychological stress.   
Limitations 
Overall: This dissertation incorporated four studies, three of which are secondary 
analyses of existing data collected from the Stress, Obesity, and Diabetes in Adolescents 
(SODA) study and the Health and Culture Project (HCP) study conducted in the Childhood 
Disparities Research Laboratory. As with many studies utilizing secondary analysis of previously 
collected data, the limitation of using data that was not primarily collected to address the 
particular research questions or to test the specific hypotheses of this dissertation is an important 
limitation to consider. 
Study design: The cross-sectional study design of studies 1-3 limited inferences on 
directionality among predictor and outcome variables, and did not allow for causality to be 
determined. However, the comprehensive analysis of validated and objective biological (salivary 
cortisol) and behavioral (physical activity measured via accelerometry) variables strengthened 
the study designs. 
Generalizability: The studies included within this dissertation primarily involved a 
sample of Black/African-American and White adolescents with overweight and obesity in the 
United States. The study findings (particularly from studies 1-3) may not be generalizable or 
have limited generalizability to other racial groups as well as to adolescents of lower weight 
status. Additionally, participants in study 4 were older adolescents and college students from the 
University of Michigan, which also limited generalizability to others outside of the university 
environment. Furthermore, data collection for studies 1-3 was coordinated within a laboratory 
and clinical setting and therefore could not be readily generalized to other settings. Nonetheless, 
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studies 1-3 were conducted within a well-controlled laboratory environment, and the use of two 
racial groups allowed for greater racial diversity, in turn providing additional insight into the 
effect of psychological stress on metabolic disease risk in adolescents with overweight and 
obesity across Black and White racial groups. 
Online data collection: Study 4 utilized both in-person and online data collection. As it 
relates to online data collection, because of the lack of the physical presence of a research 
assistant, participants may have been more inclined to rush through questions and or may have 
been unable to ask clarifying questions that were confusing or unclear during the none in-person 
visits. Yet, the use of online data collection allowed for greater ease of data collection and 
greater reach to participants who may have otherwise be unable or unwilling to come to the 
laboratory. Additionally, the use of online data collection reduced the confounding influence of 
the research assistant(s)’s social identities (race, gender, weight status) from interfering with 
study findings, which could have been particularly important with regard to weight stigma.  
Food frequency questionnaire as measure of caloric intake: Studies included within this 
dissertation used the food frequency questionnaire (FFQ) as a measure of total food intake. 
Studies 2-3 used the self-reported Youth/Adolescents Questionnaire with food intake within the 
past year, whereas study 4 used a 24-hr dietary recall. Given the self-reported nature of both 
questionnaires, they may not have been the most reliable measure of current food intake among 
study participants. Furthermore, a common occurrence among populations with obesity is an 
under-reporting of total caloric intake30. Nevertheless, both methods have been used among 
adolescents and the Youth/Adolescent Questionnaire has been previously validated and 
calibrated as a semi-quantitative FFQ designed for adolescents31. 
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Weight stigma measure: The lack of a weight stigma measure in studies 1-3 did not allow 
for the examination of a direct association between the stressor of weight stigma with behavioral 
and metabolic health measures. Nevertheless, prior studies have demonstrated the association 
between weight stigma and psychological stress9, and thus, a connection between these measures 
has been established. Furthermore, the lack of a weight stigma measure in studies 1-3 was 
precisely the reason why study 4 was conducted in a sample of older adolescents and college-
aged students. 
Age difference between studies: Adolescents between the ages of 13-19 were recruited 
for studies 1-3 (ages 13-19 included from HCP, and ages 14-19 from the SODA study). 
According to the American Academy of Pediatrics this group of adolescents fall primarily within 
what is termed the middle adolescent years, while those who were recruited for study 4 (ages 18-
21), fall within late adolescence32. Though the adolescents may not be in the same adolescent 
bracket, both groups are still considered adolescents, and evidence suggest the adolescent brain 
has not typically reached the level of functioning seen in adulthood until the early twenties32,33. 
Data collected between studies 1-3 was not necessarily generalizable to study 4. Nevertheless, 
college age students were used for study 4 to allow for a tighter sample demographic (improving 
internal validity), but also primarily due to the fact that the videos used for the weight 
discriminatory exposure have been previously only used in adult samples28. Additionally, the 
uniqueness of this transitional period into early adulthood, where there is greater autonomy in 
decision making34 which may impact daily schedules, food choices, and exercise behaviors, 
allowed for the researcher to examine the influence of the weight discriminatory exposure on the 
individual’s behavior without the influence of parents which may be more salient in younger 
adolescents who are still likely living at home.    
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Dual Energy X-ray Absorptiometry for visceral measurements: Dual Energy X-ray 
Absorptiometry (DEXA) is a gold standard technique for measuring body composition in both 
research and clinical practice35. Although DEXA is a well-established technique for measuring 
body composition, it is not however, capable of differentiating between visceral adipose tissue 
and that of subcutaneous adipose tissue36. Because of this, total body fat percentage was used in 
order to capture whole body fat depots (including visceral, subcutaneous, and muscle fat depots). 
Puberty measurement: The pubertal development of all participants in studies 1-3 were 
assessed via self-report using the Pubertal Development Scale37. Although this is a self-reported 
measure, this scale has been previously found to be a valid and reliable measure of pubertal 
development in adolescents longitudinally37, and has been used widely across studies conducted 
in adolescents.. 
Definitions of Terms 
Overweight: In accordance with the Centers for Disease Control and Prevention (CDC) 
guidelines, an individual with a body mass index (BMI) greater or equal to 25 and less than 30 
kg/m2 is considered an individual with overweight. In addition to BMI, BMI for age and sex 
percentile of greater or equal to 85th percentile and less than 95th percentile (measured using 
BMI, age, and biological sex) in agreement with the CDC growth charts for children and 
teenagers is considered overweight38. 
Obese/Obesity: In accordance with the Centers for Disease Control and Prevention 
(CDC) guidelines from the year 2000, an individual with a body mass index (BMI) equal to or 
greater than 30 kg/m2 is considered an individual with obesity. In addition to BMI, BMI for age 
and sex percentile of 95th or greater percentile (measured using BMI, age, and biological sex) in 
agreement with the CDC growth charts for children and teenagers is considered obese38. 
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Psychological stress: A construct classically defined as occurring when an individual’s 
demands or threats exceed the available resources by which they can meet these demands or 
mitigate the threats39. Psychological stress was measured within this dissertation using either the 
Perceived Stress Scale or the Daily Stress Inventory. The Perceived Stress Scale is a commonly 
used scale that assessed each adolescent’s perception of their ability to cope with stressors in 
their lives over the past month40. Whereas the Daily Stress Inventory is a measure of stress 
designed to assess daily sources and individualized impact of stressful events41. 
Adolescence: Adolescence is a developmental period that encompasses biological 
changes (puberty) and social-role transitions between childhood and adulthood42. Though the 
American Academy of Pediatrics defines adolescence starting at the age of 11 to age 21, there is 
no true consensus of what age ranges make up adolescence. Others including the U.S. 
Department of Health, the Food and Drug Administration define adolescence between the ages 
of 12-21, the World Health Organization defines it as being between the ages of 10-19 years 43. 
However, it is generally agreed upon that puberty marks the start of adolescence, though the key 
social-role transitions that have historically signaled the end of adolescence along with continued 
brain development make age 21 a reasonable upper limit32. 
Weight discrimination: Discrimination is defined as the unequal treatment of individuals 
due to their membership to a particularly group, and in the case of weight discrimination, it is 
purposeful unequal treatment of individuals due to their weight status12. For the purposes of this 
dissertation, the terms weight stigma and weight stigmatization were used in the context of 
weight related devaluation and discrimination. Weight stigma experiences were measured using 
the brief 10-item form of the stigmatizing situations inventory that assesses whether, and how 
 
 14 
often, individuals have experienced weight-stigmatizing situations44. Additionally, an acute 
weight stigmatizing exposure was used via a weight-stigmatizing video.  
Enjoyment: Physical activity enjoyment is a positive affective response to sports or 
exercise experience that reflects feelings and perceptions such as pleasure, liking, and 
experienced fun45. Physical activity enjoyment was measured using the Physical Activity 
Enjoyment Scale (PACES)46 for this dissertation.  
Disordered eating: Disordered eating behavior is defined as a deviation from a normal, 
socially acceptable and health maintenance-focused approach to food, that often manifests in a 
multitude of ways including extreme caloric restriction, unhealthy dieting, binge eating cycles, 
and compensatory behaviors such as laxative and diet pill usage for weight maintenance29,47. 
Disordered eating behaviors was measured via the self-reported Eating Attitudes Test (EAT-26) 
questionnaire48.  
Physical Activity: Physical activity is any bodily movement that is produced by skeletal 
muscles that results in energy expenditure above resting metabolic rate49. It includes exercise, 
sports, and physical activities done as part of daily living, occupation, leisure, and active 
transport.   
Moderate-to-vigorous physical activity (MVPA): Moderate intensity activity expends 
between 3.5- 7 kcal/min, while vigorous intensity activity expends more than 7 kcal/min. 
Together moderate-to-vigorous physical activity (MVPA) is any activity that combines any 
combination of moderate or vigorous activity50. 
Caloric intake: Caloric intake is the amount of energy consumed via food and beverage, 
and is measured using the unit of energy termed calorie. Calories measure the energy in food, 
and the energy produced, stored, and utilized by living organisms51. Caloric intake was measured 
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using the 2012 Adolescent Food Frequency Questionnaire for studies 1-3, and the automated 
self-administered 24-hr (ASA24) dietary recall for study 4.  
Cortisol: Cortisol, a steroid hormone, is the primary hormone/agent of the 
neuroendocrine stress response, and an important regulator of inflammatory and metabolic 
activities52. Cortisol follows a diurnal pattern wherein circulating levels peak shortly after an 
individual wakes up, and decline gradually throughout the rest of the day52. Dysregulation of the 
diurnal cortisol pattern (e.g. blunting or heightening of peak cortisol) is believed to be part of the 
mechanistic pathway [hypothalamic-pituitary-adrenal (HPA) axis] by which chronic stress 
affects physical health52. Basal and diurnal cortisol patterns include but are not limited to distinct 
patterns such as the baseline awakening cortisol, cortisol awakening response (cortisol release 
between awakening at ~30min post waking), peak cortisol (~30min post awakening), and diurnal 
cortisol output. An area under the curve with respect to ground (AUC) calculation was used to 
estimate cortisol output for these measures where appropriate. 
Visceral adiposity: Visceral adipose tissue is fat originating and present around the 
abdominal viscera, specifically in the mesentery and omentum peritoneum53 is known to be 
highly sensitive to cortisol.  
Insulin resistance: Insulin resistance (a requisite precursor for developing type 2 diabetes) 
is a metabolic condition characterized by impairment or otherwise attenuated biological response 
to “normal” concentrations of insulin produced by the pancreas by cells of the muscle, fat and 
liver54,55. Decreased insulin sensitivity equates to increased insulin resistance. Insulin resistance 
was measured using insulin sensitivity derived from physiological modeling utilizing plasma 
samples during intravenous glucose tolerance test (IVGTT).  
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Insulin sensitivity: Insulin sensitivity is defined as how sensitive cells of the muscle, fat, 
and liver are to insulin-mediated glucose disposal in the presence of insulin55. With decreased 
sensitivity, there is a compensatory increase in levels of insulin, with long-term implications 
including the development of type 2 diabetes mellitus. Decreased insulin sensitivity equates to 
increased insulin resistance. Insulin sensitivity was derived from physiological modeling 
utilizing plasma samples during an intravenous glucose tolerance test (IVGTT). 
Organization of Dissertation 
This dissertation consists of six chapters. Chapters 2 through 5 represent full-length 
manuscripts that are either published or accepted for publication in peer-reviewed academic 
journals, or are being prepared for submission in peer-reviewed journals. Chapter 2 examined the 
cross-sectional association between psychological stress, physical activity enjoyment and 
engagement, as well as the moderating effects of physical activity enjoyment on the association 
between stress and physical activity engagement among adolescents with overweight and 
obesity. Similarly, Chapter 3, examined the association between psychological stress and caloric 
intake as well as the moderating effect of disordered eating behavior. Chapter 4 explored racial 
differences in the association between psychological stress and metabolic outcomes among 
Black and White adolescents with overweight and obesity. Chapter 5 examined the acute effects 
of a weight stigma exposure on physical activity participation and intentions, and assessed the 
association between prior weight stigma experiences, physical activity intentions, and physical 
activity participation among young undergraduate college students. Finally, in Chapter 6, a 
summary and discussion of the main findings, significance, and guidance for future research is 
seen.  
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Chapter 2  




The original study aims at the time of the dissertation proposal for study 1 was as 
follows: “To determine the cross-sectional associations of psychological stress on health-
promoting behaviors (physical activity engagement and caloric intake), and the moderating 
effects of psychobehavioral constructs (physical activity enjoyment and disordered eating 
behavior) on these associations in adolescents age 13-19 years old with overweight and obesity.” 
However, over the course of the past two years, these aims were refined and split into separate 
manuscripts focused on physical activity and eating behavior, respectively.    
Psychological stress and lowered physical activity enjoyment in adolescents with 
overweight/obesity is the first study of the dissertation. It is a study that examined the role of 
psychological stress and physical activity enjoyment and participation among adolescents with 
overweight/obesity. The following manuscript has been published in the American Journal of 
Health Promotion. The published version of the manuscript is included in the dissertation.  
 
*Reprinted from the American Journal of Health Promotion: T. Ajibewa, L. Beemer, K. 
Sonneville, A. Miller, C. Toledo-Corral, L. Robinson, R. Hasson. Psychological stress and 
lowered physical activity enjoyment in adolescents with overweight/obesity (2021). Final 
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publication is available from Sage Publishing: https://doi.org/10.1177/0890117121997042. 




Purpose: The purpose of this study was 2-fold: 1) to determine the cross-sectional associations 
between psychological stress, physical activity enjoyment, and physical activity participation 
[moderate-to-vigorous physical activity (MVPA), total physical activity (TPA)]; and 2) to 
determine the moderating effect of physical activity enjoyment on the associations between 
stress, MVPA, and TPA in adolescents with overweight/obesity.  
Design: Cross-sectional, secondary data analysis of the Health and Culture Project and the 
Stress, Obesity, and Diabetes in Adolescents study.  
Sample: One hundred and ten adolescents (73% female; 65.4% non-white; age 15.8 + 1.9 years) 
with overweight/obesity (BMI percentile ≥ 85th percentile) were included in this analysis. 
Measures: Psychological stress was assessed using the Perceived Stress Scale (PSS-14); 
enjoyment was measured via the Physical Activity Enjoyment Scale; and MVPA and TPA were 
objectively measured using accelerometry over a minimum of 4 days.  
Results: Higher perceived stress was associated with lower physical activity enjoyment (β= -
0.41±0.15; p=0.008). Stress was not associated with MVPA or TPA (ps > 0.05), nor was 
enjoyment a significant moderator in the associations between stress and MVPA or stress and 
TPA (pinteraction > 0.05).  
Conclusions: These findings suggest that psychological stress is associated with lower physical 
activity enjoyment among adolescents with overweight/obesity. Longitudinal studies are needed 
to understand the long-term effects of stress on psychological factors that may serve as 





The transition from childhood to adolescence often comes with increased social-
environmental stressors including increased academic demands (e.g., standardized tests), extra-
curricular obligations and expectations (e.g., sports and after-school clubs), as well as tension 
from conflicts with peers, friends, and romantic relationships.1,2 Adolescence is a particularly 
difficult time for youth with overweight/obesity as they are often exposed to higher levels of 
stress related to weight teasing, stigmatization, and criticism from peers and family members as a 
function of their weight status.3,4 Adolescents with overweight/obesity are twice as likely to be 
bullied compared with their lower weight peers and are more likely to avoid participation in 
physical activity and physical education due to psychological stress experienced as a result of 
their weight.4-8 Hence, the daily challenges of navigating adolescence combined with the unique 
stressors associated with obesity may further intensify psychological stress and negatively 
influence health-related behaviors including physical activity participation in this at-risk weight 
group. 
Previously, researchers have observed a link between psychological stress and health-
enhancing physical activity participation (i.e. moderate or vigorous intensity activity) in children 
and adolescents, but the findings have been mixed. In a five-year longitudinal study, Abi Nader 
and colleagues demonstrated that increased life stressors such as personal circumstances (e.g., 
academic challenges, rejection from a sports team) were associated with decreased moderate-to-
vigorous physical activity (MVPA) across adolescent development.9 McGlumphy and colleagues 
observed that increased psychological stress was a significant predictor of MVPA, with greater 
psychological stress associated with lower MVPA among African American male adolescents.10 
In a sample of high school adolescents in 10-12th grade, Li and colleagues observed that 
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academically stressed Chinese adolescents reported lower moderate and vigorous physical 
activity participation, respectively.11 Others, however, have found that psychological stress is not 
associated with MVPA in adolescents. For example, Gerber and Pühse in their study examining 
the impact of psychological stress, physical activity, and self-esteem in adolescents, observed 
that perceived school-based stress was unrelated to leisure time MVPA.12 Similarly, null findings 
have been observed more recently in a study of academic stress and MVPA participation during 
recess and after school in adolescents.13 Given that adolescence is a transitional developmental 
period with different social, environmental, and biological changes, it is critical to understand 
how psychological stress may influence physical activity in this age group, particularly among 
adolescents with overweight/obesity, in order to identify factors that hinder, alter, or promote 
physical activity participation within this at-risk group.  
Despite the current recommended guidelines of 60 minutes of MVPA per day in addition 
to the numerous physical health benefits (e.g. increased cardiorespiratory fitness, bone 
strengthening), and mental health benefits (e.g. reduced depression, anxiety, and improved self-
esteem) of physical activity, few adolescents with overweight/obesity engage in MVPA.13-16 
Considering the aforementioned link between psychological stress and low physical activity 
participation, one plausible explanation for this relationship is physical activity enjoyment, a 
factor that is commonly linked with sustained physical activity participation in youth.17,18 
Investigators examining stress related to weight stigma found that experiencing increased stigma 
was associated with lowered enjoyment of physical activity in children and adolescents.19 
Similar findings have been observed within the adult literature.20,21 In their seminal article 
examining the effects of psychological stress on exercise adherence in adult women, Stetson and 
colleagues noticed that during weeks of high stress (weeks with high frequency of stressful 
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events), participants not only reported reduced time spent exercising, but also decreased 
enjoyment of physical activity during times when they were active compared to times when they 
were less stressed.20 Stults-Kolehmainen and colleagues examined the association between stress 
and affective responses to exercise in a sample of undergraduate college students and observed 
that increased perceived stress was associated with decreased pleasure during strenuous exercise. 
Together, these studies point to the important influence of psychological stress in decreasing 
physical activity enjoyment among youth and adults. However, it remains unclear whether 
psychological stress decreases physical activity enjoyment in adolescents with 
overweight/obesity, or if it plays an essential role in altering the association between stress and 
physical activity participation in this group. Given the evidence from prior investigators 
indicating lower levels of physical activity enjoyment among adolescents with 
overweight/obesity,22 stress may further decrease physical activity enjoyment, in turn lowering 
participation in health-enhancing physical activity. If enjoyment is indeed associated with 
psychological stress and does moderate the relationship between psychological stress and 
physical activity participation, then, finding ways to increase physical activity enjoyment may 
not only increase physical activity participation, but enable youth to better utilize physical 
activity as a means to cope with their stress.  
The purpose of this present study was 2-fold: (1) to determine the cross-sectional to 
associations of psychological stress on physical activity enjoyment and physical activity 
participation [MVPA, and total physical activity (TPA)] in adolescents with overweight/obesity; 
and (2) to examine the potential moderating effect of physical activity enjoyment on the 
association between stress and physical activity participation. It was hypothesized that increased 
psychological stress would be associated with decreased physical activity enjoyment and 
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physical activity participation. Secondly, it was hypothesized that the associations between 
psychological stress, MVPA, and TPA participation would be moderated by enjoyment of 
physical activity, where greater participation in physical activity (MVPA and TPA) would be 
seen among high stress youth with higher enjoyment, compared to those with lower enjoyment. 
Methods  
Study Design and Study Sample 
Data from 2 observational studies conducted at the University of Michigan Childhood 
Disparities Research Laboratory (CDRL) were included in the analysis: The Health and Culture 
Project (HCP), and the Stress, Obesity, and Diabetes in Adolescents (SODA) study. The primary 
aim of HCP was to examine the social, cultural, and psychological predictors of obesity in 
children and adolescents. The primary aim of the SODA study was to examine cross-sectional 
associations between different indices of stress (exposure, perception, physiological response) on 
type 2 diabetes risk in Hispanic, and non-Hispanic Black and White adolescents with 
overweight/ obesity. Data collection procedures for both studies occurred at the CDRL or off-site 
at local schools, after-school programs, community centers, or at the University of Michigan 
Clinical Research Unit (MCRU). A detailed description of the protocol and study sample for 
both studies have been previously published.23,24 Participants were included in the present 
analysis if: i) they were between the ages of 13-19 years old; ii) they were individuals with 
overweight/obesity (BMI percentile ≥ 85th percentile); iii) they had 4 days of valid 
accelerometer data; iv) they had completed psychological stress and physical activity enjoyment 
questionnaires. In total, 110 adolescents (ages 13-19) with overweight/obesity were included in 
this analysis. Among participants that were included compared with those excluded from the 
final analysis, there were significant differences (mean ± SE) in age (included: 15.8 ± 1.9 years 
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vs excluded: 16.6 ± 1.7 years; p < 0.01), MVPA (included: 12.3 ± 12.9 min/day vs excluded: 4.5 
± 13.7 min/day; p < 0.01), and TPA (included: 104.9 ± 40.5 minutes/day vs excluded: 33.1 ± 
57.3 minutes/day; p < 0.01). There were, however, no significant differences in psychological 
stress (via PSS-14), pubertal development category scores, BMI, BMI percentile, gender and 
racial composition, or physical activity enjoyment (via the physical activity enjoyment scale) 
between those included and those excluded from the present analysis (ps > 0.05). Before the 
initiation of both studies (HCP and SODA studies), all experimental procedures were approved 
by the University of Michigan Institutional Review Board (HUM00083264 and HUM00080820). 
Before the commencement of all data collection procedures, written informed assent was 
obtained from all participants under the age of 18 years, and written informed consent obtained 
from each of their caregivers. For participants over the age of 18 years, only written informed 
consent was obtained.  
Measures 
MVPA and TPA participation was measured using the GT3X ActiLife accelerometers 
(Actigraph LLC., Pensacola, FL). All participants were asked to wear the 3 axial accelerometers 
for 7 days (including at least 1 weekend day) snugly on their right hip using an adjustable belt. 
At home, participants were also asked to complete a non-wear/sleep diary in tandem with the 
accelerometer. Participants were advised to remove the accelerometers during bathing, water-
based activities, contact sports, and while they slept. All accelerometers were initialized to 
collect raw data at a frequency of 30 Hz and adjusted to include each participant’s measured 
body weight and height, self-reported age, gender, and race. Raw accelerometer data were 
downloaded and integrated into 60s epochs via ActiLife software version 6.11.8 using Puyau cut 
points.25 The Puyau cut-points were used to derive moderate-to-vigorous activity.25 A wear time 
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of ≥ 600 minutes/day was used as the criteria for a valid day, and ≥4 valid wear-days was used 
valid wear-days was used as the criteria for an accurate baseline measure, in line with established 
accelerometry recommendations.26 Sleep time was manually entered, and marked as non-wear 
time. Consecutive periods of zero counts for ≥ 60 minutes were also defined as non-wear time.27 
Non-wear times were excluded from the analyses with only valid wear-time data used to 
determine intensities of daily activity intensities in minutes.  
Physical activity enjoyment was measured using the revised physical activity enjoyment 
scale (PACES). PACES was originally developed to assess physical activity enjoyment in 
college-aged students and consisted of 18 bipolar statements on a 7-point range.28 A modified 
and validated version of the PACES, consisting of 16 different statements regarding feelings 
when engaging in physical activity on a 5-point Likert-type scale anchored by “disagree a lot” 
(1) to “agree a lot” (5) was used for the present study.29 For each individual question, participants 
were asked to respond honestly, indicating how they feel when they are active. An example item 
from the PACES questionnaire was: “When I am physically active...It gives me a strong feeling 
of success.” Physical activity enjoyment scores were calculated by adding together the responses 
for all of the questionnaire items to obtain a sum score, with higher scores indicating greater 
enjoyment. The PACES questionnaire has been previously validated and used in adolescent 
samples.29,30 The PACES questionnaire had excellent reliability within our sample (Cronbach α = 
0.93).  
 Psychological stress was measured using the perceived stress scale (PSS-14),31 a global 
measure of stress designed to capture how unpredictable, uncontrollable, and overloaded an 
individual may appraise their life circumstances over the past month. An example question from 
the PSS-14 was: “In the last month, how often have you dealt successfully with day-to-day 
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problems and annoyances?” Answers for all questions on the PSS-14 ranged from 0 (never) to 4 
(very often). Answers to positively worded questions were reverse scored (e.g. 0=4, 1=3, 2=2, 
3=1, 4=0). All 14 items were added together to obtain the total perceived stress score, with 
higher scores indicating higher perceived stress. The perceived stress scale is a validated and 
reliable instrument31 that has been previously used in an adolescent sample.32 The PSS-14 
demonstrated good reliability within our sample (Cronbach α = 0.80).  
Covariates such as anthropometric measures of height and weight were measured in the 
CDRL by trained study staff members. Height (cm) was measured to the nearest 0.1 cm using 
ShorrBoard ® (Weigh and Measure, LLC. Olney, MD) with standardized procedures.33 Body 
weight (kg) was measured to the nearest 0.1 kg, using an electronic scale (Doran Scales, Inc, 
Batavia, IL). BMI percentiles for age and gender were calculated using the Centers for Disease 
Control and Prevention guidelines (http://www.cdc.gov/growthcharts). All participants were 
asked to self-report whether their development was earlier or later than their peers, using the 
pubertal development scale (PDS).34 Based on the self-reported completion of developmental 
stages on the PDS, pubertal category scores were added together and were classified into the 
following categories: pre-pubertal, early pubertal, mid-pubertal, late pubertal, or post-pubertal. 
Race and gender were self-reported. Given the possible confounding influence of gender, race, 
pubertal development, and BMI percentile on the association between psychological stress and 





Table 2-1. Descriptive Statistics for Psychological Stress and Physical Activity Analysis. 
Variables Mean (SD) or Frequency (%) 
Psychological stress (PSS-14) 24.4 (7.7) 
PA enjoyment (PACES) 63.5 (12.1) 
MVPA (min per/day) 12.3 (12.9) 
TPA (min per/day) 104.9 (40.5) 
Age (years) 15.8 (1.9) 
Gender (% female) 73% 
Ethnicity  -- 
Non-Hispanic White (n=38) 34.6% 
Non-Hispanic Black or African-American (n=68) 61.8% 
Hispanic (n=4) 3.6% 
BMI percentile 93.8 (7.7) 
BMI (kg/m2) 31.5 (8.2) 
Pubertal Category Score 9.7 (2.0) 
PA: Physical Activity; MVPA: Moderate-to-vigorous Physical Activity; TPA: Total Physical Activity; BMI: Body Mass Index. 
 
Analysis 
All data analyses were conducted using Stata 16.0 (StataCorp LP, College Station, TX). 
Prior to all statistical analyses, mean MVPA and TPA participation (minutes/day) was evaluated 
for normality, and was natural-log transformed to help normalize its distribution. Descriptive 
analysis for the dependent variables, independent variable, and all covariates were also 
conducted. For the main effect models, multivariable linear regression was used to examine the 
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association between the independent variable (psychological stress) and the dependent variables 
(physical activity enjoyment, MVPA, TPA participation), adjusted for all covariates (race, 
gender, BMI percentile, and pubertal development) in each model. In additional models, the 
moderating effects of physical activity enjoyment on the relationship between psychological 
stress and MVPA, and psychological stress and TPA were tested by adding an interaction term 
(e.g. psychological stress*PACES). The continuous variable of physical activity enjoyment was 
used as opposed to a dichotomized variable in order to avoid common issues with such 




Participant characteristics are described in Table 1. In total, study participants were: 73% 
female (27% male), 65.5% adolescents of color. In the adolescents of color group, 68 
participants self-identified as non-Hispanic Black or African-American, whereas 4 participants 
self-identified as Hispanic. Overall, 34.5% of the sample, self-identified as non-Hispanic White. 
Mean age of study participants was 15.8 ± 1.9 years, with a mean BMI percentile of 93.8 ± 7.7 
percentile (BMI: 31.5 ± 8.2 kg/m2). Mean score for physical activity enjoyment was 63.5, 
similar to scores previously seen among an adolescent sample using PACES,40 and indicative of 
a generally high rating of physical activity enjoyment among the sample participants. An average 
score of 24.4 was observed for psychological stress, suggesting that stress levels were moderate 
across the sample (based on a tertile classification of low, moderate, and high stress from 
possible scores of 0-56). Stress scores were similar to that of another sample of adolescents using 
the PSS-14.10 On average, participants engaged in 12.3 minutes of MVPA per day, which is 
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slightly less than the national median of 15 minutes per/day that has been previously reported.41 
The range for MVPA was 0 to 58 minutes of MVPA per day, with a standard deviation of 12.9 
min/day. Mean TPA per day was 104.9 minutes, with a range of 25.7 to 233.2 minutes of activity 
per day, and a standard deviation of 40.5 minutes. 
Psychological Stress, Physical Activity Enjoyment, and MVPA Participation 
Table 2 displays the linear regression models used to examine the associations between 
psychological stress, physical activity enjoyment, and MVPA participation. In model 1, it was 
observed that psychological stress was associated with physical activity enjoyment (β= -0.41 ± 
0.15; p=0.008), with a one unit increase in psychological stress associated with a 0.41 decrease 
in physical activity enjoyment score in adolescents with overweight/obesity. In models 2 
(examining the association between psychological stress and MVPA) and 3 (examining the 
association between enjoyment and MVPA), it was observed that psychological stress was not 
associated with MVPA participation, nor did physical activity enjoyment predict MVPA (ps > 
0.05). Lastly, in model 4, examining the moderating effect of physical activity enjoyment in the 
association between psychological stress and MVPA participation, it was observed that 
enjoyment of physical activity did not significantly moderate the association between stress and 




Table 2-2. Linear Regression Analysis for Psychological Stress, Physical Activity Enjoyment, and Log-Based MVPA 
Engagement. 
 β SE p-value 
Model 1: Physical activity enjoyment    
Psychological stress -0.41 0.15 0.008* 
BMI percentile  -0.06 0.15 0.71 
Gender   1.78 2.81 0.53 
Race   2.10 2.23 0.35 
Pubertal category score  -1.12 0.62 0.07 
    
Model 2: MVPA participation    
Psychological stress 0.01 0.02 0.41 
BMI percentile -0.005 0.02 0.76 
Gender -1.05 0.29 <0.001* 
Race -0.14 0.23 0.54 
Pubertal category score 0.005 0.06 0.94 
    
Model 3: MVPA participation    
PA enjoyment 0.02 0.01 0.11 
BMI percentile -0.003 0.02 0.86 
Gender -1.03 0.28 <0.001* 
Race -0.13 0.22 0.57 
Pubertal category score  0.02 0.06 0.80 
    
Model 4: MVPA participation    
Psychological stress*PA enjoyment <0.001 0.001 0.77 
BMI percentile -0.004 0.02 0.80 
Gender -1.08 0.29 <0.001* 
Race -0.18 0.23 0.43 
Pubertal category score 0.02 0.07 0.73 
PA: physical activity; MVPA: Moderate-to-vigorous Physical Activity; * Denotes p < 0.05. β: Unstandardized 
Regression Coefficient. 
 
Psychological Stress, Physical Activity Enjoyment, TPA Participation 
Table 3 displays the linear regression models used to examine the association between 
psychological stress, physical activity enjoyment, and TPA participation. In model 1 examining 
the association between psychological stress and TPA it was observed that psychological stress 
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was not associated with TPA (p > 0.05). Similarly, physical activity enjoyment was not 
associated with TPA, nor did physical activity enjoyment moderate the association between 
psychological stress and TPA (ps > 0.05) (see models 2 and 3). 
Table 2-3. Linear Regression Analysis for Psychological Stress, Physical Activity Enjoyment, and Log-Based TPA Engagement 
 β SE p-value 
Model 1: TPA participation    
Psychological stress    0.005  0.005 0.28 
BMI percentile   0.01  0.005   0.04* 
Gender  -0.33 0.09 <0.001* 
Race   0.13 0.07 0.08 
Pubertal category score  -0.01 0.02 0.58 
    
Model 2: TPA participation    
PA enjoyment     0.004 0.003 0.25 
BMI percentile  0.01 0.005 0.03* 
Gender -0.33 0.09 <0.001* 
Race  0.14 0.07 0.056 
Pubertal category score -0.01 0.02 0.64 
    
Model 3: TPA participation    
Psychological stress*PA enjoyment <0.001 <0.001 0.95 
BMI percentile   0.01   0.005   0.04* 
Gender  -0.34 0.09 <0.001* 
Race   0.12 0.07 0.10 
Pubertal category score  -0.006 0.02 0.77 
PA: Physical activity; TPA: Total physical activity; * Denotes p < 0.05. β: Unstandardized Regression Coefficient. 
 
Discussion 
Consistent with our hypothesis, greater psychological stress was associated with lower 
enjoyment of physical activity among adolescents with overweight/obesity. In contrast to our 
hypothesis, psychological stress was not associated with MVPA, TPA, nor was physical activity 
enjoyment a significant moderator in the models examining psychological stress and MVPA, as 
well as psychological stress and TPA. Taken together, these results demonstrate an important 
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association between psychological stress and decreased enjoyment of physical activity in 
adolescents with overweight/obesity. Physical activity enjoyment serves as an antecedent to 
physical activity participation, thus longitudinal studies are needed to understand the long-term 
effects of stress on physical activity enjoyment and other psychological factors related to 
physical activity in adolescents with overweight/obesity.  
Physical activity enjoyment is a factor commonly linked with sustained physical activity 
participation in youth and is a reflection of one’s intrinsic motivation toward physical 
activity17,18. Within the context of physical education, studies have also found that increased 
enjoyment of physical activity is associated with increased physical activity participation 
(e.g.40,42,43). Moreover, prior research supports the present findings that greater psychological 
stress is associated with decreased enjoyment of physical activity.19-21 Faith et al. found that 
increased weight criticism was associated with reductions in sports enjoyment in fifth- through 
eighth-grade children and adolescents.19 Unlike the present study however, the children and 
adolescents in the study by Faith and colleagues were of lower weight-status, pointing to the 
pervasiveness of stress and weight-related stressors during youth and the value of examining this 
association in adolescents with overweight/obesity. In another study composed of undergraduate 
college students (mean age of 20 years) Stults-Kolehmainen and colleagues observed that 
increased perceived stress was associated with decreased enjoyment during strenuous exercise,21 
indicating how stress may decrease enjoyment of health-enhancing higher intensity activity. 
Lastly, in a group of adult women, Stetson and colleagues noted that participants reported 
significantly less enjoyment of exercise during weeks of high stress in comparison to weeks of 
lower perceived stress.20 Although, this present study was done in a group of adolescents, the 
findings are consistent with that of Stetson and colleagues, and reveal the notable effect of stress 
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in decreasing enjoyment of physical activity in an earlier period of life among those with 
overweight/obesity. It is plausible that increased stress may further worsen self-perceptions about 
physical activity and actual participation in physical activity among youth with 
overweight/obesity in the long-term. In agreement with this hypothesis, other investigators have 
pointed to negative perceptions of physical activity among adolescents with overweight/ 
obesity.44,45 These negative social experiences (e.g. weight-based bullying, stigmatization) and 
perceptions (e.g. insecurity about their appearance) during activity may work to reinforce 
negative stereotypes and self-perceptions during a crucial time of psychosocial development, 
resulting in decreases in enjoyment of activity. Additional research is needed to better understand 
the deleterious effects of psychological stress on physical activity enjoyment.  
Surprisingly, psychological stress was not associated with MVPA or TPA participation in 
the present analysis. This finding was counter to our hypothesis as prior studies have previously 
found a significant association between stress and physical activity participation among 
adolescents (e.g.9-11). Specifically, in a longitudinal study conducted by Abi Nader and 
colleagues, they found that increased life stressors were associated with decreased MVPA 
participation in late childhood and early adolescence. Similarly, McGlumphy et al. as well as Li 
and colleagues in their studies examining the relationship between stress and physical activity, 
also found an association between higher levels of stress and lowered MVPA in youth.10,11 Yet, 
other investigators have found that stress was not associated with physical activity. Gerber and 
Pühse observed that perceived school-based stress was not related to moderate-to-vigorous 
leisure time physical activity12 and Frömel and colleagues observed no differences in MVPA 
participation in adolescents experiencing and not experiencing academic stress.46 We extend 
these previous findings by explicitly examining the association between psychological stress and 
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both MVPA and TPA in adolescents with overweight/obesity, observing a null result in the 
relationship between stress and physical activity in adolescents with higher weight status. With 
few studies using device-based objective measures of physical activity in adolescents with 
overweight/obesity,47 longitudinal studies incorporating device-based measures are needed to 
understand the long-term influence of psychological stress on objectively-measured physical 
activity behavior in adolescents with overweight/obesity.  
Another surprising finding in the present study was that physical activity enjoyment did 
not moderate the association between psychological stress and physical activity participation, nor 
did enjoyment predict MVPA or TPA. These findings were unexpected, given that physical 
activity enjoyment is a known construct associated with physical activity participation.17,18 
Nevertheless, similar findings have been previously observed in an early adolescent sample of 
12-year-old girls. In their study examining the role of physical activity enjoyment in the 
relationship between social and physical environmental pathways and MVPA, Budd and 
colleagues found that enjoyment of physical activity did not mediate the relationship between 
participants’ social environment (measured as support from friends and family in engaging in 
physical activity) and physical environment (neighborhood safety and aesthetics) with their 
MVPA participation, nor was enjoyment associated with MVPA participation.48 Similar to our 
present study, the authors noticed low levels of physical activity (i.e. MVPA) in their sample, 
and pointed to these low levels as a possible reason for the lack of an association between 
enjoyment and MVPA participation. Even so, it must be noted that participants in the present 
study generally had a high enjoyment of physical activity (average ratings of 63.7 on a scale 
from 16-80 for physical activity enjoyment). Hence, there appeared to have been a disconnect 
between the enjoyment of physical activity and actual participation in physical activity. Given 
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the limited research on the link between physical activity enjoyment and physical activity 
participation in adolescents with overweight/ obesity, it is also possible the lack of an association 
between physical activity enjoyment and physical activity participation may be due to our 
sample characteristics (i.e. adolescents with higher weight status), and the generally low levels of 
physical activity often seen in this population.  
It is plausible that the desire to be physically active among adolescents with 
overweight/obesity was hindered by physical, and social-environmental barriers. Barriers such as 
bodily complaints (e.g., difficulty breathing, muscle pain, fatigue), perceptions about not being 
good at physical activity or sports, lack of social support from friends and family, as well as 
body image concerns or insecurities, may have hindered actual participation in physical activity. 
These barriers are particularly relevant among adolescents with overweight/obesity, and have 
been noted as barriers for engaging in physical activity in this group.45,49 These concerns are also 
more visible during this developmental period in general, where concerns about body image and 
body dissatisfaction are heightened50,51 and peer acceptance is paramount.52 When the threat of 
peer bullying is high due to one’s weight and is coupled with known barriers to engaging in 
physical activity, it is unlikely that an adolescent would be inclined to exercise even if they enjoy 
participating in exercise. It is also possible that the low level of physical activity participation 
may be an indirect consequence of adolescents with overweight/obesity avoiding stigmatizing 
domains.50 Thus, although the construct of physical activity enjoyment is important for sustained 
physical activity, other environmental factors may play a larger role in the case of adolescents 
with overweight/obesity. Lastly, the choice of being physically active is also influenced by 
access to active or sedentary alternatives.53 For a majority of people the decision to engage in 
sedentary behavior is driven in part by the increased accessibility of such behaviors,53 
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particularly as the modern environments favor a more sedentary lifestyle.54 Moreover, it requires 
more work to access and engage in physical activity, such as changing clothes, showering post 
exercise, and modest discomfort during exercise.53 Although sedentary behavior was not 
examined in this study, it is likely that the increased accessibility of sedentary activities such 
television viewing and video game playing,54 as well as the higher reported barriers by 
adolescents with overweight/obesity may hinder participation in physical activity. Additional 
research is warranted to further comprehend the interrelationships between psychological stress, 
internalized stigma, physical activity enjoyment, and physical activity participation in this 
population of adolescents.  
Several strengths and limitations of this study should be noted. Strengths of the study 
include the use of a validated, objective measurement of physical activity (accelerometry), in a 
naturalistic setting (outside of the laboratory). Additionally, the assessment of relevant dependent 
variables in an at-risk target group are other notable strengths of this study. No other studies to 
our knowledge have examined the association of stress, enjoyment, and objectively measured 
physical activity (MVPA, TPA) in a racially diverse sample of adolescents with high obesity 
rates. Nevertheless, the cross-sectional study design limits inferences on the directionality of the 
associations between psychological stress, physical activity enjoyment, and physical activity 
participation. Second, the use of self-reported psychological stress and the recruitment of a 
convenience sample of adolescents with overweight/obesity limits generalizability to adolescents 
of lowered weight status. Furthermore, lack of information regarding the type of physical activity 
adolescents engaged in (e.g. structured sports programs) beyond intensity of activities is an 
additional limitation. It is plausible that adolescents involved in structured activities may have 
opportunities to engage in physical activity regardless of their enjoyment, thus more research is 
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needed in this area. Lastly, measures of physical and social-environmental barriers that may have 
impeded physical activity engagement (e.g. neighborhood safety) or body image concerns were 
not taken. Despite these limitations, we were able to observe a significant association between 
psychological stress and physical activity enjoyment in adolescents with overweight/obesity.  
In conclusion, the present study sheds light on the implications of stress on a vital 
intrinsic physical activity antecedent—enjoyment, among adolescents with overweight/obesity. 
Given that physical activity enjoyment is a key factor in sustained physical activity participation, 
this finding is noteworthy. With prior evidence indicating lowered enjoyment of physical activity 
among adolescents with overweight/obesity, it is possible that increased stress exposure 
experienced by adolescents with overweight/obesity may further worsen or exert more 
immediate effects on psychological factors related to or preceding physical activity. Ultimately, 
decreases in such psychological factors over longer periods may lead to lowered participation in 
health-enhancing physical activity due in part to a lack of intrinsic enjoyment of physical 
activity. Nevertheless, longitudinal studies are warranted to confirm the long-term effects of 
stress on physical activity enjoyment and other related psychological factors associated with 
physical activity during this critical period of growth and development. By understanding the 
long-term effects of stress on determinants of physical activity, researchers and interventionists 
may be able to find more appropriate ways for adolescents to cope with psychological stress 
thereby maintaining higher levels of physical activity enjoyment and participation in health 
enhancing physical activity. 
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Chapter 3  
Acute Daily Stress, Daily Food Consumption and the Moderating Effect of Disordered 
Eating Among Adolescents with Overweight/Obesity 
 
Preamble 
The original study aims at the time of the dissertation proposal for study 2 was as 
follows: “To determine the cross-sectional associations of psychological stress on health-
promoting behaviors (physical activity engagement and caloric intake), and the moderating 
effects of psychobehavioral constructs (physical activity enjoyment and disordered eating 
behavior) on these associations in adolescents age 14-19 years old with overweight and obesity.” 
However, over the course of the past two years, these aims were refined and split into separate 
manuscripts focused on physical activity and eating behavior, respectively.    
Acute daily stress, daily food consumption, and the moderating effect of disordered 
eating among adolescents with overweight/obesity is the second study of the dissertation. It is a 
study that examined the cross-sectional associations between dimensions of daily stress on daily 
caloric intake and the potential moderating effect of disordered eating behaviors on these 
associations among adolescents with overweight/obesity. The following manuscript has been 
accepted in the journal Childhood Obesity. The accepted version of the manuscript is included in 
the dissertation.   
*Reprinted from the journal Childhood Obesity: T. Ajibewa, L.Robinson, C. Toledo-
Corral, A. Miller, K. Sonneville, R. Hasson. Acute daily stress, daily food consumption and the 
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moderating effect of disordered eating among adolescents with overweight/obesity (2021). Final 





OBJECTIVE: The purpose of this study was to examine the associations between acute daily 
stress dimensions (frequency, sum) and food intake in adolescents with overweight/obesity, and 
to explore the potential moderating effect of disordered eating behaviors on these associations. 
METHODS: 182 adolescents with overweight/obesity (65% females; 68.7% non-White; 
16.2±1.8 years of age) were included in this analysis. Acute daily stress was measured using the 
Daily Stress Inventory and daily caloric intake was measured using a food frequency 
questionnaire. Disordered eating behavior was assessed using the Eating Attitudes Test (EAT-
26). RESULTS: Acute daily stress frequency (B=0.013±0.003; p<0.001) and acute daily stress 
sum (B=0.003±0.001; p<0.001) were associated with greater daily caloric intake. Disordered 
eating behavior moderated the association between acute daily stress frequency and caloric 
intake (pinteraction=0.039) with greater daily caloric intake among those with higher levels of 
disordered eating.  Disordered eating behavior did not significantly moderate the association 
between acute daily stress sum and daily caloric intake (pinteraction=0.053). CONCLUSIONS: 
These findings suggest that greater exposure to acute daily stressors may increase daily food 
intake in adolescents with overweight/obesity, with greater susceptibility among those engaging 
in high levels of disordered eating. Longitudinal research is warranted to elucidate the long-term 





Acute daily stressors are brief, time-limited exposures that are common and often include 
events such as rushing, deadlines, and arguments1. Under normal circumstances, acute stress and 
subsequent stress responses typically do not have long-term health consequences1. However, if 
an individual has repeated exposure to an acute stressor or perceives a continual threat of a 
stressor reoccurring, then this acute stressor may manifest into a chronic stressor, increasing 
susceptibility to long-term health risk. 
Adolescence is a particularly vulnerable period of heightened stress, due in part to 
biological changes, interpersonal conflicts with peers, increased academic load at school, and 
greater performance-related stressors2–5. Adolescents with overweight/obesity often experience 
additional psychosocial stressors related to their weight. Unlike their peers with lower body 
weights, adolescents with overweight/obesity are more likely to receive criticism from close 
family members because of their weight, have higher incidences of teasing and rejection, and are 
twice as likely to be bullied6–9. The heightened exposure to stress observed in this high weight 
group increases their susceptibility to stress eating, a maladaptive behavioral response to both 
acute and chronic stressors10. 
Adolescents with overweight/obesity display several characteristics that may further 
increase their risk of stress eating. In comparison to their lower-weight peers, adolescents with 
overweight/obesity have greater sensitivity and exaggerated cortisol responses to acute stress11. 
Like adults with obesity, youth with overweight/obesity have been shown to exhibit lower satiety 
and greater sensitivity and responsiveness to appetizing food cues (e.g. smell) compared with 
lower-weight youth12,13. Evidence also suggests that adolescents with obesity are prone to 
exhibiting greater dietary restraint14,15, a characteristic associated with counter-regulatory eating 
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when exposed to acute stressors16,17. Lastly, adolescents with overweight/obesity have also been 
shown to engage in emotional eating in response to stress16. In sum, these characteristics suggest 
that adolescents with overweight/obesity may have greater vulnerability to stress-induced eating.  
While adolescents with overweight/obesity may be more susceptible to stress eating, 
empirical data and results supporting this association within higher weight [higher BMI (body 
mass index)] sample populations are mixed. In adults with overweight, Lemmens et al. observed 
increased caloric intake after an acute psychological stressor18. Herhaus and colleagues more 
recently observed increased food consumption among men and women with obesity following an 
acute stressor in a laboratory environment19.  In contrast, Nagy and colleagues observed 
decreased food intake following an acute laboratory stressor in adolescents with 
overweight/obesity and heightened cortisol reactivity20. Appelhans and colleagues also noticed 
reduced food intake among women with obesity and high stress responses following an acute 
stressor21. Given this inconsistency in food intake among sample populations with higher 
weight/BMI and limited studies examining this association among higher weight/BMI 
adolescents, more studies are needed to identify factors that contribute or otherwise alter eating 
behavior during periods of heightened acute stress within this group. 
One plausible link that may influence the relationship between stress and food intake is 
disordered eating behavior. Disordered eating behaviors are defined as problematic eating 
behaviors (e.g. restrictive, bingeing, self-control, and compensatory behaviors) occurring at a 
lower frequency or severity than clinically diagnosed eating disorders22. Engagement in 
disordered eating often stems from body dissatisfaction and a desire to control one’s 
weight/shape. Furthermore, body dissatisfaction, shape/weight concerns, dietary restriction, and 
the use of extreme or otherwise unhealthy weight control behaviors have been found to be more 
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common among adolescents with higher weight status23. For example, epidemiological evidence 
suggests that approximately 40% of adolescent girls and 20% of adolescent boys with 
overweight/obesity engage in disordered eating behaviors over a year24. Empirical evidence also 
suggests that disordered eating predicts further weight gain among children and adolescents25–27. 
It has also been previously demonstrated that adolescents with overweight/obesity are at greater 
risk of engaging in disordered eating behaviors due to increased stress exposure28. More recently, 
our group observed cross-sectional associations between increased psychological stress and 
greater dieting behavior in adolescents with overweight/obesity29. Examining the potential 
moderating role of disordered eating behaviors in the association between stress and eating 
behavior in adolescents with overweight/obesity may provide additional insight into how acute 
stress predicts eating behavior in this at-risk group.  
The purpose of this study was to examine the associations between acute daily stress and 
daily caloric food intake in adolescents with overweight/obesity, and to determine the potential 
moderating effect of disordered eating behavior on these associations. Given the racial/ethnic 
diversity of the sample, an exploratory aim examining how race/ethnicity may influence acute 
stress and eating behaviors was also conducted. The primary hypothesis was that higher acute 
daily stress (as defined by frequency and sum) would be associated with higher daily caloric 
intake. Additionally, it was hypothesized that the associations between acute daily stress and 
daily caloric intake would be modified by disordered eating behavior.  
Methods 
Sample population and procedure 
Baseline data from two studies conducted at the University of Michigan Childhood 
Disparities Research Laboratory (CDRL) were included in this analysis: the Health and Culture 
 
 55 
Project (HCP) and the Stress, Obesity, and Diabetes in Adolescents (SODA) study. The primary 
aim of the HCP study was to examine the social, cultural, and psychological predictors of obesity 
in adolescents. The primary aim of the SODA study was to examine cross-sectional associations 
among different indices of stress (exposure, perception, biological response) on type 2 diabetes 
risk in Hispanic, and non-Hispanic Black and White adolescents with overweight/obesity. 
Descriptions of both studies have been previously published29,30. Data collection procedures for 
both studies occurred at the CDRL, off-site at local schools, after-school programs, community 
centers, or at the University of Michigan Clinical Research Unit (MCRU). Participants were 
included in the present analysis if: i) they were between the ages of 13-19 years old; ii) they were 
individuals with overweight/obesity (BMI percentile ≥ 85th percentile); iii) they had complete 
dietary intake data; and iv) they had completed acute daily stress data. In total, a subset of 182 
adolescents with overweight/obesity were included in this analysis. There were no significant 
differences in distribution of race/ethnicity, gender, mean age, BMI percentile, BMI, pubertal 
development score, or acute daily stress among those who were included and those excluded 
from the analysis (p>0.05). Before starting both studies (HCP and SODA studies), all 
experimental procedures were approved by the University of Michigan Institutional Review 
Board (HUM00083264 and HUM00080820). Informed assent was obtained from all participants 
under the age of 18 years, and written informed consent obtained from each of their caregivers 
before the start of data collection procedures. For participants 18 years of age and over, solely 
written informed consent was obtained. 
Dependent Variable 
Total daily caloric intake 
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Total daily caloric intake is the average amount of energy consumed via food and 
beverage daily, and was obtained using the 2012 version of the Youth/Adolescent Food 
Frequency Questionnaire (YAQ) developed by Harvard University31,32. The YAQ is a self-
reported questionnaire that asks questions related to food and drink consumption throughout the 
preceding year. All completed YAQs were shipped to the T.H. Chan School of Public Health at 
Harvard University, where they were analyzed for mean total daily calories (kcals) along with 
other measures (e.g. total fat) using the Nutrition Data System for Research (NDSR) Windows-
based dietary analysis program. The questionnaire is designed for adolescents, and has been 
previously validated and calibrated as a semi-quantitative food frequency questionnaire32. 
Independent Variable 
Acute daily stress 
 Acute daily stress was conceptualized as a brief, short-term stressor involving a specific 
event33. Acute daily stress was assessed using the Daily Stress Inventory34, a measure of stress 
designed to assess daily sources and individualized impact of stressful events. The Daily Stress 
Inventory is a 58-item self-reported questionnaire that allows an individual to indicate the 
stressful events that they may have experienced over the past day (24-hours). An example 
question from the Daily Stress Inventory included: “In the past 24 hours…I was criticized or 
verbally attacked”. Participants were asked to respond honestly, indicating whether or not the 
event occurred, and if so, how much stress did it cause on a Likert-type scale anchored by (1) 
“occurred but was not stressful” to (7) “caused me to panic”. Two scores were derived from the 
Daily Stress Inventory: an acute daily stress frequency score (FREQ) and an acute daily stress 
sum (SUM). FREQ was calculated as the total number of stressful events that occurred in the 
past 24 hours with possible scores ranging from 0 to 58. SUM was calculated as the summation 
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of the impact ratings of the endorsed events (i.e., how much stress did each event cause), with a 
maximum possible score of 40634. The Daily Stress Inventory demonstrated excellent internal 
consistency within the study sample for acute stress FREQ (Cronbach α=0.94) and SUM 
(Cronbach α=0.97). The Daily Stress Inventory has been previously used in adolescent 
samples35,36. 
Covariates 
Given the possible confounding influence of gender, race/ethnicity, pubertal development, and 
BMI on the association between psychological stress and caloric intake, these variables were 
added as covariates and controlled for in all of the statistical models10,37–39. Anthropometric 
measures of height and weight were measured in the CDRL by trained study staff members. 
Height (cm) was measured to the nearest 0.1 cm using ShorrBoard ® (Weigh and Measure, LLC. 
Olney, MD) with standardized procedures. Body weight (kg) was measured to the nearest 0.1 kg, 
using an electronic scale (Doran Scales, Inc, Batavia, IL). BMI-for-age and sex percentile was 
calculated using the Centers for Disease Control and Prevention guidelines 
(http://www.cdc.gov/growthcharts). Pubertal development was measured using the Pubertal 
Development Scale (PDS)40. Based on the self-reported completion of developmental stages on 
the PDS, pubertal category scores were calculated and classified into the following categories: 
pre-pubertal, early pubertal, mid-pubertal, late pubertal, or post-pubertal. Given the hormonal 
changes that occur with puberty, the variable was used as a covariate rather than biological age. 
Race and gender were self-reported.  
Moderator 
Disordered eating was defined and conceptualized as problematic eating behaviors (e.g. 
restrictive, bingeing, compensatory behaviors) occurring at a lower frequency or severity than 
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clinically diagnosed eating disorders22. Disordered eating behavior was measured using the total 
EAT-26 score from the 26-item Eating Attitudes Test (EAT-26)41. The EAT-26 questionnaire is 
a screening instrument used to identify participants with various levels and types of eating 
pathology, who may be at risk for eating disorders and may therefore, need to be referred to a 
qualified professional42. It is an abbreviated version of the EAT-40 questionnaire created by 
Garner and colleagues41. The EAT-26 contains 3 subscales; the dieting subscale, bulimia and 
food preoccupation subscale, and an oral control subscale altogether assessing restrictive, 
bingeing, self-control, and compensatory behaviors. For each question, participants were asked 
to indicate how often each statement applied to them on a Likert-type scale anchored by 1 
(never) to 6 (always). Example items from each of the EAT-26 subscales included: “I am 
occupied with a desire to be thinner” (dieting), “I have gone on eating binges where I feel that I 
may not be able to stop” (food preoccupation), and “I display self-control around food” (oral 
control).” Total EAT-score was obtained by adding all items from the questionnaire (including a 
reverse scored item), to get a general score of disordered eating behavior. Higher self-reported 
scores on EAT-26 denoted greater concern regarding body weight, body shape, and eating41. The 
questionnaire demonstrated acceptable internal consistency for the study sample (Cronbach α= 
0.79). The EAT-26 questionnaire has been previously used to assess disordered eating risk in 
adolescent samples and among individuals with overweight/obesity43,44.  
Statistical Analysis 
All data analysis was conducted using Stata 16.0 (StataCorp LLC, College Station, TX). 
Prior to all analyses, variables were evaluated for normality, and total daily energy intake was 
natural-log transformed to help normalize its distribution. Means and frequencies were 
determined for age, gender, race, BMI, BMI percentile, pubertal development, FREQ, SUM, and 
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total EAT-26 score. For main effects models, multivariable linear regression was used to 
examine the association between the independent acute daily stress dimensions (FREQ, SUM) 
and the dependent variable (total daily caloric intake), adjusted for all a priori covariates (race, 
gender, BMI, and pubertal development) in each model. In the interaction models exploring the 
moderating effects of disordered eating behavior on the relationship between the acute daily 
stress dimensions and daily caloric intake, an interaction term was added to each of acute daily 
stress dimension (e.g. acute daily stress FREQ*EAT-score) in the regression models to test 
moderation. Similarly, for the exploratory aim examining how race/ethnicity may influence acute 
stress and caloric intake, race/ethnicity was added as an interaction term. A continuous 
disordered eating variable was used in place of a dichotomized or categorized variable to avoid 
the common issues with such variables (i.e. arbitrariness of dichotomizing at the median)45,46. A 
p-value of p<0.05 was set to determine significance for all models. 
Results 
Participant characteristics 
Participant characteristics in mean and standard deviation are seen in Table 1. In total, 
study participants were: 65% female (35% male), 68.7% non-White. Among the non-White 
adolescents, 63.2% of participants self-identified as non-Hispanic Black or African-American, 
4.4% as Hispanic, and 1.1% as Other (e.g. Asian, Pacific-Islander). Participants had a mean age 
of 16.2±1.8 years and a mean BMI percentile of 94.3±4.2% (31.1±6.1 kg/m2). Approximately 
44% (n=80) of sample participants were classified as adolescents with overweight and 56% 
(n=102) were classified as adolescents with obesity. On average, participants consumed 2,007 
kilocalories per day, consistent with the national average of 2,100 kilocalories for boys and 1,755 
kilocalories for girls47. There were however, 16 participants with daily caloric intake values 
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above 3,500 kcals/day, and 4 participants with a daily caloric intake value below 500 kcals/day. 
FREQ score was 18.0±11.9, with participants experiencing on average 18 acute stress events 
over a 24-hour period. Mean SUM score of the impact of acute daily stressors was 47.3±47.7 
over a 24-hour period. Both the mean FREQ and SUM scores of acute daily stressors are 
consistent with acute daily stress FREQ and SUM scores observed in other adolescent 
samples36,48. The average sample score for the EAT-26 was 7.8±7.1 for disordered eating 
behavior, a score that is also consistent with a prior study conducted in an adolescent sample 49. 
Furthermore, there were 170 participants (93.4% of total sample) with EAT-26 scores under 20 
(the suggested cutoff value for a recommendation to see a qualified professional for a possible 
eating disorder), and 12 participants (4.6% of total sample) with EAT-26 scores at or above the 




Table 3-1. Participant characteristics for the acute daily stress and daily caloric intake analysis.  
Statistics are reported in either mean and standard deviation (SD) or frequency (%). BMI; body mass index.  
Associations between acute daily stress FREQ, SUM, and total daily caloric intake 
The associations between acute daily stress FREQ and SUM, with that of total daily 
caloric intake can be seen in Table 2. The FREQ score of acute daily stress was positively 
associated with total daily caloric intake, with a higher number of acute daily stress events, 
associated with greater total daily caloric intake (B=0.013±0.003; p<0.001). The SUM score of 
acute daily stress was also associated with total daily caloric intake among the study sample, 
with higher total distress from acute stress events associated with greater total daily caloric 
intake (B=0.003±0.001; p<0.001). 
Variables N 
Mean (SD) or 
Frequency (%) 
Age (years) 182 16.2 (1.8) 
Gender (% female) 182 65% 
Race/ethnicity (% non-white) 182 68.7% 
Non-Hispanic Black 115 63.2% 
Non-Hispanic White 57 31.3% 
Hispanic 8 4.4% 
Other races/ethnicities 2 1.1% 
BMI (kg/m2) 182 31.1 (6.1) 
BMI percentile 182 94.3 (4.3) 
Pubertal category score 182 9.8 (2.0) 
Acute daily stress frequency (FREQ) 182 18.0 (11.9) 
Total acute daily stress (SUM)   182 47.3 (47.7) 
EAT-26 score (disordered eating) 182 7.8 (7.1) 
Total daily caloric intake (kcals) 182 2007.1 (1187.5) 
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Predictor Caloric intake (B±SE) p-value 
Total distress (SUM)  0.003±0.001 <0.001* 
BMI percentile -0.017±0.009 0.06 
Gender -0.255±0.086 0.003* 
Race 0.021±0.063 0.74 
Pubertal development score -0.006±0.021 0.78 
   
Acute stress frequency (FREQ) 0.013±0.003 <0.001* 
BMI percentile -0.017±0.01 0.053 
Gender -0.243±0.086 0.005* 
Race 0.026±0.063 0.68 
Pubertal development score -0.001±0.021 0.95 
Table 3-2. Association between acute daily stressors and daily caloric intake. Natural log-transformed caloric intake values. 
Acute daily stress dimensions and the moderating effects of disordered eating 
Interaction models were conducted to examine the moderating effects of disordered 
eating behavior in the association between acute daily stress dimensions and daily caloric intake. 
It was observed that disordered eating behavior (EAT-26 score) modified the association 
between acute daily stress FREQ and daily caloric intake (pinteraction= 0.039). The model 
suggested that for individuals with higher EAT-26 scores, a higher number of acute daily stress 
events (FREQ) was associated with greater daily caloric intake compared to adolescents with 
lower EAT-26 scores (see Table 3). Disordered eating behavior however, did not significantly 
modify the association between acute daily stress SUM and daily caloric intake, but trended 
towards significance (pinteraction=0.053; Table not shown).  
 
 63 
Predictor Caloric intake (B±SE) p-value 
Acute daily stress FREQ* Total EAT-score 0.001±0.000 0.039* 
BMI percentile -0.017±0.01 0.055 
Gender -0.23±0.085 0.008* 
Race 0.02±0.06 0.78 
Pubertal development score 0.004±0.02 0.84 
Table 3-3. Moderating effect of disordered eating on the association between acute daily stress FREQ and daily caloric intake. 
Natural log-transformed caloric intake values.   
Exploratory analyses of the influence of race/ethnicity on acute stress and eating behaviors 
Given the small representation of participants who were Hispanic or Other (those self-
identifying with another racial/ethnic group apart from Hispanic, non-Hispanic Black, or White), 
no racial/ethnic comparisons were conducted including these two groups in the exploratory 
analyses. However, among non-Hispanic White and Black participants, there were significant 
racial differences between scores for acute daily stress. Higher acute daily stress SUM (non-
Hispanic Black: 53.7±5.1 vs non-Hispanic White: 34.2±3.7; p=0.01) and daily stress FREQ 
scores (non-Hispanic Black: 19.4±1.2 vs non-Hispanic White: 15.2±1.1; p=0.03) were noted 
among non-Hispanic Black participants compared to their White peers. A racial difference in 
disordered eating was also observed, with higher disordered eating levels (EAT-26 scores) 
among non-Hispanic Black participants compared to their non-Hispanic White peers (non-
Hispanic Black: 8.58±0.75 vs non-Hispanic White: 6.28±0.65; p=0.048). Non-Hispanic Black 
participants also reported greater total daily caloric intake compared to their White counterparts, 
but this difference was not statistically significant (non-Hispanic Whites: 1785.1±96.3 kcals/day 
vs non-Hispanic Blacks: 2126.7±125.7 kcals/day; p=0.075). Race/ethnicity did not modify the 
association between acute daily stress FREQ and total daily caloric intake, nor the association 




Consistent with our primary hypothesis, significant associations were observed between 
acute daily psychological stress dimensions and caloric intake; where higher daily stress FREQ 
and SUM were associated with greater daily caloric intake within our diverse sample of 
adolescents with overweight/obesity. In addition, adolescents who reported engaging in more 
disordered eating behaviors (as indicated by higher EAT-26 scores) were at an even greater risk 
of engaging in stress eating than those engaging in less disordered eating behaviors. Lastly, 
race/ethnicity differences were observed across acute stress and disordered eating levels, 
however, race/ethnicity did not moderate the association between acute daily stress dimensions 
and daily caloric intake. Given the higher stress exposure of adolescents with overweight/obesity 
and increased susceptibility to stress eating, it is essential to find ways to facilitate and equip 
higher weight adolescents with healthy stress coping strategies.  
While many researchers have focused on chronic stress50–52, much less research has 
examined the effects of acute daily psychological stress on eating behavior in adolescents. One 
such study however, was conducted by Michaud and colleagues, who previously observed that 
increased acute stress stemming from an academic exam was associated with increased energy 
intake among adolescents53. Similarly, the present study extends these findings by observing 
increased daily caloric intake among adolescents with higher weight status in response to acute 
daily stress. Although acute stress responses are typically associated with suppression of 
appetite54, it is plausible that under circumstances where there is high cumulative burden of acute 
stress (as measured here in number of events and amount of distress), that maladaptive 
behavioral responses may occur. Adolescents with overweight/obesity may, in turn, seek to cope 
with their stress via increased food intake of palatable comfort foods. Eating palatable foods 
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triggers increased secretion of dopamine, a hormone that aids in reducing feelings of stress and 
lowers the HPA-axis response55. With evidence suggesting that adolescents with 
overweight/obesity display high dietary restraint14,17—a characteristic associated with overeating 
when faced with an acute stressor—it is possible that adolescents may overeat when facing a 
high cumulative burden of acute daily stress. In addition to a higher cumulative burden of acute 
daily stress, evidence from the stress literature also points to the salience of stressors such as 
weight stigma as a social/stereotype threat known to increase food intake among those with 
higher weight8. Considering that unhealthy behaviors persist throughout adolescence and may 
track into adulthood56, it is necessary to provide social-emotional resources to help adolescents 
with overweight/obesity cope with the pressing acute stressors they may experience on a daily 
basis.  
In the present study, it was also observed that adolescents engaging in disordered eating 
were especially vulnerable to higher food intake when encountering acute daily stress. These 
findings are noteworthy, given the increased prevalence and susceptibility of developing eating 
disorders, dysfunctional attitudes to food, and heightened body dissatisfaction among adolescents 
with overweight/obesity23,24. It is possible that participants who exhibited high disordered eating 
behavior may already have a pathological relationship with food and thus, when experiencing 
acute bouts of stress (e.g. acute daily stressors) may experience reduced self-control, resulting in 
increased food intake. This phenomenon has been found to be particularly noticeable among 
those with higher weight, where stress from weight stigma for example has been found to deplete 
self-regulatory resources57. Emerging evidence also suggests that children with 
overweight/obesity with coexisting disordered eating behavior (i.e., loss of control eating) may 
display even lower self-regulation than those with overweight/obesity without disordered 
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eating58. Given the higher prevalence of disordered eating behaviors among youth with 
overweight/obesity, in addition to the strong link between stress and self-regulation59,60, the 
combination of decreased self-regulation and increased disordered eating behavior may affect 
food intake in this group of adolescents when experiencing acute stress. Nevertheless, future 
research should explore the long-term influence of acute stress on caloric intake with specific 
disordered eating behaviors (e.g. binge eating) as moderators among adolescents with 
overweight/obesity.  
Due to the racial/ethnic diversity of the study sample, exploratory analyses examining 
how race/ethnicity may influence stress and eating behaviors were conducted. Although, non-
Hispanic Black adolescents had higher levels of acute daily stressors, in addition to higher levels 
of disordered eating behavior, we observed that race/ethnicity did not moderate the associations 
between acute daily stressors and daily caloric intake. It should be noted however that the higher 
levels of acute daily stress observed among non-Hispanic Black participants compared to non-
Hispanic White adolescents is consistent with higher social and environmental stress exposure 
observed in the existing stress literature (e.g.61). Though race/ethnicity can be used as a proxy 
measure of understanding race-related stress exposure (e.g. racial discrimination), it is plausible 
that the lack of a significant moderating effect of race/ethnicity could be due to race/ethnicity not 
capturing specific race related social-environmental stressors. Nevertheless, future studies 
examining potential racial/ethnic differences in the association between acute daily stress and 
eating behaviors should use specific race related stressors, which may provide additional 
mechanistic insight into the pathways of stress and eating behavior across racial groups. 
Important strengths and limitations of this study should be noted. Strengths of the study 
include the assessment of relevant dependent variables in a racially diverse sample of 
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adolescents at a higher weight status. Additionally, the comprehensive assessment of acute daily 
stress (utilizing frequency and total distress) are additional strengths of this study. Despite these 
strengths, the present findings should be interpreted in light of a few limitations. First, the cross-
sectional study design limits inferences on the directionality of the associations between the 
acute daily stress dimensions and caloric intake, and causality cannot be inferred. Secondly, 
funding limitations precluded the use of a gold-standard measurement of current energy intake 
(e.g. doubly labeled water or direct calorimetry), and as a result, the study utilized the commonly 
used self-reported food frequency questionnaire. Although the food frequency questionnaire is 
not a gold-standard measurement of current caloric intake, it has been found to be a valid 
measure of caloric intake across various adolescent samples62,63. Moreover, the EAT-26 is a self-
reported screening measure of disordered eating behavior and did not explicitly capture specific 
types of disordered eating behaviors that may be common to adolescents with overweight/obesity 
such as binge-eating and loss of control overeating. Nonetheless, the EAT-26 is among the most 
widely used standardized measures of symptoms and concerns of eating pathology42, and was 
used presently given the wide array of pathological eating behaviors that can be experienced by 
adolescents with overweight/obesity. Additional research using an interview method and the 
contextualization of specific types of disordered eating behavior among adolescents with higher 
weight is necessary to gain a deeper mechanistic understanding of the interrelationship between 
disordered eating, stress, and food intake in this group. Lastly, it should be noted that the use of 
self-reported daily stress, and the recruitment of a convenience sample of adolescents with 
overweight/obesity limits generalizability to other adolescents without overweight/obesity. 
Despite these limitations, we observed significant associations between acute daily stress and 
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higher daily caloric intake along with moderating effects of disordered eating among adolescents 
with overweight/obesity.   
Conclusion & implications 
Overall, these findings suggest that acute daily stressors are associated with increased 
daily caloric intake among adolescents with overweight/obesity, and that those who engage in 
disordered eating behaviors may be particularly at risk of increasing food intake when 
experiencing acute bouts of stress. If experiencing acute stress in the long-term, this group of 
adolescents may further gain weight and face higher cardiometabolic disease risk. This possible 
long-term effect of stress on food intake has been previously demonstrated, as chronic stressors 
have been shown to be associated with increased food intake, particularly sweetened and highly 
processed foods (e.g.64). Given that modest changes in energy intake such as an additional 100 
kcals/day can lead to continuous weight gain65, higher consistent caloric intake over-time as a 
result of acute stress, may be detrimental to the long-term health and wellbeing of adolescents 
with overweight/obesity. While the vast majority of the sample participants had an EAT-26 score 
below the 20-point cut-off, engaging in higher levels of the behaviors listed in the EAT-26 
questionnaire points to higher risk of eating disorders and an advanced progression along the 
disordered eating continuum66. Adolescents with overweight/obesity with higher levels of 
disordered eating behavior who when experiencing high daily stress, may be especially 
vulnerable to increased food intake. When engaging in behaviors such as restriction and binging 
at higher levels over-time (chronically), it is highly plausible that this may lead to increased 
weight gain in addition to actual manifestation of an eating disorder. While our findings may not 
have direct clinical or treatment significance, it is important for clinicians and researchers alike 
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to find ways to prevent this at-risk group of adolescents from being caught in a vicious and 
dangerous cycle of weight gain and pathological eating behaviors. 
With the increased stress and mental health challenges among youth in the twenty-first 
century67 and easier access to unhealthy foods68, the challenge of finding adaptive, multi-pronged 
strategies and interventions focused on promoting healthy coping in this group is of the utmost 
importance. Strategies such as adopting anti-bullying policies within school settings to protect 
students from weight-based bullying, as well as providing families with the education and 
resources to recognize the harmful impact of weight stigma should be prioritized69. Fostering 
social support among families and friends of those experiencing weight stigma in addition to 
encouraging adolescents to use and practice strategies such as positive self-talk and healthy 
lifestyle behaviors are additional approaches that should be considered among several others. In 
doing so, researchers, clinicians, and families alike, may ultimately help adolescents break the 
cycle of stress-related eating behaviors among those at greatest risk.  
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Chapter 4  




The original study aims at the time of the dissertation proposal for study 3 was as 
follows: “To examine biobehavioral pathways (physical activity, caloric intake, cortisol 
patterning) that link psychological stress to a metabolic risk factor (insulin resistance) in 
adolescents ages 14-19 with overweight and obesity.” Study aims have however been revised as 
the manuscript was put together over the past 2 years since the original dissertation proposal.  
Psychological stress and insulin sensitivity in non-Hispanic Black and White adolescents 
with overweight/obesity is the third study of the dissertation. It is a study that examined the 
cross-sectional racial differences in the association between psychological stress, insulin 
sensitivity (Si), acute insulin response (AIRg), and disposition index (DI) among non-Hispanic 
Black and White adolescents with overweight/obesity.  
The following manuscript will be submitted for peer review in the Journal of Clinical 





INTRODUCTION: Racial differences in type 2 diabetes risk persist among non-Hispanic Black 
and White adolescents with overweight/obesity; however, the role of psychological stress in this 
disparity is less clear. PURPOSE: To examine racial differences in the association between 
psychological stress, insulin sensitivity (Si), acute insulin response to glucose (AIRg), and 
disposition index (DI) among Black and White adolescents with overweight/obesity. 
METHODS: Ninety-six adolescents (60% female; 51% non-Hispanic Black; 16.6±1.8 years of 
age) with overweight/obesity (BMI percentile ≥ 85th percentile) were included in this analysis. 
Psychological stress was assessed using the 14-item Perceived Stress Scale. Glucose and insulin 
data from an intravenous glucose tolerance test was modeled to obtain Si, AIRg, and DI. 
Multivariable linear regression models were used to examine the association between race, 
psychological stress and metabolic outcomes. RESULTS: Race was a significant predictor of 
log-AIRg and log-DI (ps<0.001) independent of all covariates in the main effects models. Lower 
Si was also observed among Black adolescents who reported higher stress levels, whereas higher 
Si was observed among White adolescents reporting higher stress (pinteraction= 0.022) in the race 
interaction models. However, race did not moderate the association between psychological stress 
and other metabolic outcomes (ps>0.05), nor was stress associated with Si, AIRg, or DI (ps>0.05) 
across all other models. CONCLUSIONS: These findings suggest that psychological stress may 
play an important and distinct role in shaping racial differences in Si among adolescents with 
overweight/obesity. Additional research is needed to understand the long-term effects of 





Lower insulin sensitivity (Si) and hyperinsulinemia have been consistently observed 
among non-Hispanic Black children and adolescents compared with their non-Hispanic White 
peers 1–3. Lindquist and colleagues noted that Black children had lower insulin sensitivity (Si) 
and greater acute insulin response to glucose (AIRg) compared to White children. This disparity 
remained significant after controlling for body composition, social class, and diet1. Likewise, Ku 
et al. observed lowered Si and greater AIRg among Black children compared with White children 
even after adjusting for body composition and physical activity participation2. Hannon and 
colleagues observed higher first phase insulin response and disposition index (DI) among Black 
adolescents compared to their White counterparts even with comparable Si
3. Together, these 
studies highlight the heightened risk of type 2 diabetes (T2D) and early onset of disease among 
non-Hispanic Black adolescents, and underscores the pressing need to understand the underlying 
mechanisms that contribute to this disparity.   
Given the evidence that biological and behavioral factors do not fully explain differences 
in T2D risk, it is important to consider how the social environment and, in particular, 
psychological stress may contribute to racial differences. Psychological stress is classically 
defined as occurring when an individual experiences or perceives demands or threats that 
exceeds their resources or adaptive capacity4,5. In response to a psychological stressor, 
corticotrophin-releasing hormone (CRH) is released from the hypothalamus, eliciting the release 
of adrenocorticotropic hormone (ACTH) from the pituitary gland into circulation. The release of 
ACTH into circulation thereafter leads to the signaling of cortisol secretion from the adrenal 
cortex6. This relatively short-term response to stress provides energy and vigilance to deal with 
the stressor. Chronic activation of the hypothalamic-pituitary-adrenal (HPA) axis in response to 
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psychological stress can be assessed by higher morning cortisol levels or disrupted cortisol 
patterning7. Furthermore, the dysregulation of the stress response system has been associated 
with pancreatic beta-cell dysfunction and insulin resistance8. To this end, Adam and colleagues 
conducted a study among Hispanic children and adolescents with overweight, wherein they 
observed that higher baseline levels of morning cortisol was associated with a greater decrease in 
Si longitudinally
8. In the same study, the authors also observed a cross-sectional association 
between higher levels of cortisol and lower AIRg and DI—further highlighting the potential 
metabolic dysregulation resulting from disruptions to the HPA axis, presumably stemming from 
chronic psychological stress9.  
Racial differences in the levels and sources of chronic psychological stress have also 
been previously observed between non-Hispanic Blacks and Whites. Data from the adult 
literature has documented higher cumulative levels of stress among non-Hispanic Blacks 
compared to their non-Hispanic White peers, stemming in part from higher levels of financial 
stress, stressful life events, and chronic stress due to racial discrimination (10–12). Similarly, 
among pediatric populations, greater exposure to community violence, racial and institutional 
discrimination, and traumatic life events have been documented in non-Hispanic Black children 
and adolescents compared with their non-Hispanic White counterparts (e.g.13–15). Not only are 
there racial differences in levels and sources of stress among non-Hispanic White and Black 
adolescents, emerging evidence also suggests that increased stress is associated with increased 
T2D risk. Specifically, evidence from both adults and adolescents of various races have found 
that higher levels of psychological distress in the forms of perceived stress and depression are 
linked with increased insulin resistance and abnormal glucose metabolism16–19. Considering the 
heightened stress exposure documented among non-Hispanic Blacks, it is plausible that higher 
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levels of psychological stress may in turn dysregulated biological stress responses, resulting in 
the observed racial differences in T2D risk among non-Hispanic Black and White adolescents.  
Given the elevated risk for T2D as well as heightened levels of psychosocial stress 
among Black adolescents, this study sought to examine racial differences in the association 
between psychological stress and measures of T2D risk (Si, DI, and AIRg—assessed via an 
intravenous glucose tolerance test or IVGTT) among non-Hispanic White and Black adolescents 
with overweight/obesity. It was hypothesized that Black race and increased psychological stress 
would be associated with decreased Si, DI, and increased AIRg among sample participants, and 
that the association between psychological stress and metabolic outcomes would be modified by 
race.  
Methods 
Recruitment and study participants 
Adolescents with overweight/obesity between the ages of 14-19 years old from Southeast 
Michigan—primarily from the local cities of Ann Arbor and Ypsilanti, MI, were recruited to 
participate in the Stress, Obesity, and Diabetes in Adolescents (SODA) study. The primary aim 
of the laboratory- and clinically-based SODA study was to examine cross-sectional associations 
between different indices of stress (exposure, perception, physiological response) on T2D risk in 
Hispanic, non-Hispanic Black, and White adolescents with overweight/obesity. Participants were 
excluded from the SODA study if: (i) they were currently involved, or had been involved, in a 
weight loss or exercise program; (ii) they were taking medications known to influence body 
composition or metabolism; (iii) they had a previous history of metabolic diseases such as 
diabetes; (iv) they had a clinical diagnosis of depression or any other mental health disorder that 
may influence mood, emotions or stress perception; (v) they had any food allergies, intolerances, 
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and other dietary restrictions; or (vi) they were pregnant. Prior to all data collection, written 
informed assent was obtained from all participants under the age of 18 years, and written 
informed consent obtained from each of their caregivers. For participants 18 years of age or 
older, only written informed consent was requested and obtained. Prior to the initiation of the 
study, all experimental procedures were approved by the University of Michigan Institutional 
Review Board (HUM00083264). 
Data collection for the SODA study began in 2014 and was completed in 2017. Data 
collection and analysis took place in the Childhood Disparities Research Laboratory (CDRL) at 
the University of Michigan, and at the Michigan Clinical Research Unit of the University of 
Michigan Hospital. Upon inclusion into the study, participants came to the CDRL and the 
University of Michigan Clinical Research Unit on two separate occasions (visit 1 and 2), to 
complete the SODA study (see Fig. 1). Visit 1 consisted of participants completing demographic, 
psychological, and health behavior questionnaires as well as anthropometric measurements at the 
CDRL. Visit 2 consisted of participants completing physiological measures at the Michigan 
Clinical Research Unit (MCRU) via an insulin-modified IVGTT with the purpose of examining 
measures of T2D risk. Blood plasma samples were collected as part of the IVGTT, following a 
twelve-hour fast, and all participants were asked to refrain from strenuous physical activity. A 
total of 171 participants completed questionnaires at visit 1, and of the 171 participants, 99 
participants completed physiological measurements at visit 2. Reasons for decreased enrollment 
at visit 2 included: voluntarily opting out of this portion of the study, lost to follow up, 
unsuccessful collection of blood samples during the IVGTT due to non-adherence to fasting 
restrictions, blood collection challenges prior to or during blood collection (see Fig. 2). Due to 
low enrollment of Hispanic participants (n=10), these participants were excluded from the final 
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analysis and only non-Hispanic Black and White adolescents were included. A total of 96 
participants with complete IVGTT data were included in this analysis.  
Independent variable  
Psychological stress was measured using the perceived stress scale (PSS-14)20. The PSS 
is a 14-item, self-reported questionnaire that assessed each participant’s ability to cope with 
stressors in their lives over the past month. An example question from the PSS-14 included: “In 
the last month, how often have you felt nervous and ‘stressed’” with answers anchored by 
‘never’ (0) to ‘very often’ (4). Answers to positively worded questions were reverse-scored (e.g. 
0=4, 1=3, 2=2, 3=1, 4=0), and the responses to all 14 questions were added together to obtain the 
total psychological stress score. Possible scores ranged from 0 to 56, with higher scores 
indicating higher psychological stress. The perceived stress scale is a validated and reliable 
instrument that has been previously used in adolescent samples21. The PSS-14 was found to have 
good internal consistency (Cronbach alpha=0.76). Participant self-reported race was also 
included as a primary independent variable. 
Dependent variables 
Si, AIRg, and DI were derived from plasma samples during the IVGTT. Si is a measure 
that assesses how sensitive cells of the muscle, fat, and liver are to insulin-mediated glucose 
disposal in the presence of insulin22. Si values obtained from the IVGTT that are ≤ 2 x 10
-4min-
1/(μlU/ml) are reflective of insulin resistance23,24. AIRg is a measure of first phase insulin 
secretion (i.e. initial response to rise in glucose) and is a marker of early beta-cell 
compensation25. DI is the product of both insulin sensitivity and insulin secretion, and is a 
composite measure beta-cell function26. 
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Baseline plasma samples were collected twice at 15-, and 5-minutes before glucose 
infusion at time 0, and again twelve additional times during the IVGTT: +2, +4, +8, +19, +20, 
+22, +30, +40, +50, +70, +100, and +180 minutes in 3 mL EDTA tubes and placed on ice. 
Plasma samples were then centrifuged at 2000 g, divided into 2 aliquots and stored at -80˚C until 
analysis. Samples were then analyzed at the Michigan Diabetes Research Center’s Clinical Core 
Chemistry Laboratory using two separate glucose and insulin assays.  
The glucose assay is a hexokinase method that is run on a Randox RX Series Daytona 
chemistry analyzer [Glucose Assay (GLUC-HK) Product Insert, RX Series GL 3816, Randox 
Laboratories Limited, U.K.]. The analyzer was calibrated using 0.9 NaCl as a zero calibrator and 
Randox Calibration Serum level 3. The assay is linear up to a glucose concentration of 639 mg/dl 
and the minimum detectable concentration of glucose with an acceptable level of precision was 
determined to be 11.9 mg/dl. Intra assay precision was determined at three levels (n=20):  3.47% 
(31.5 mg/dL), 3.37% (103 mg/dL), and 2.57% (297 mg/dL). Inter-assay precision was 
determined at three levels (n=20):  3.80% (31.1 mg/dL), 1.33% (103 mg/dL), and 1.71% (286 
mg/dL). The insulin assay, a double-antibody radioimmunoassay using a 125I-Human insulin 
tracer (Linco Research), a guinea pig anti-porcine insulin first antibody (MDRTC, 68.5% cross-
reaction to human proinsulin), and a goat anti-guinea pig gamma globulin (Antibodies Inc.)-PEG 
second antibody and standardized against the Human Insulin International Reference Preparation 
(NIBSC) was used. Limit of sensitivity for the assay is 2.1 µU/ml, while the inter-assay and 
intra-assay variabilities are 3.8% and 2.7% at 25 µU/ml, respectively27.  
The minimal model of glucose regulation (MINMOD) is a mathematical model 
formulated by Bergman and colleagues that was used in conjunction with the IVGTT to calculate 
Si, DI, and AIRg
25. The MINMOD model has been classically used to describe the physiological 
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mechanism underlying plasma insulin and glucose regulation within the body28. Together with 
the IVGTT, the MINMOD allows for the analysis of the combined effects of insulin secretion 
and Si on risk for T2D, through a mathematical representation of both the first phase—pancreatic 
response to glucose infusion, and the second phase—exogenous response following the infusion 
of exogenous insulin.  
Covariates 
Anthropometric measures of height and weight were measured in the laboratory by 
trained study staff during visit 1. Additionally, body fat percentage was measured using DEXA 
whole-body scans (GE-Healthcare Lunar Prodigy Advance DXA, Madison, WI). All scans were 
performed and analyzed by a certified technician. All participants were also asked to self-report 
whether their development was earlier or later than their peers, using the pubertal development 
scale (PDS)29. Based on the self-reported completion of developmental stages on the PDS, 
pubertal category scores were summed and categorized into the following categories: pre-
pubertal= 3, early pubertal= 4 or 5, mid-pubertal= 6-8, late pubertal= 9-11, or post-pubertal= 12 
for each participant’s respective sex. Household education was assessed using a seven-category 
variable: less than 8th grade= 1, (2) finished 8th grade= 2, some high school= 3, high school 
graduate/GED= 4, some college or vocational school (at least 1 year)= 5, college graduate= 6, or 
graduate or professional training= 7. Caregivers of participants completed the questionnaire to 
determine household education. For households with multiple caretakers, the highest parental 
education score was used. Between visit 1 and 2, participants were asked to collect five saliva 
samples per day over a 3 day period using 2 mL SalivaBio Cryovials (Passive Drool; Salimetrics 
LLC, State College, PA). Participants were asked to collect saliva samples at the following 
times: (1) immediately after waking, (2) 30 min after waking, (3) between 3−4:00 pm, (4) 
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6−7:00 pm, and (5) 9−10:00 pm. Samples were analyzed by Salimetrics’ SalivaLab (Carlsbad, 
CA), where cortisol levels were determined using the Salimetrics high-sensitive cortisol assay kit 
(Salimetrics, Carlsbad, CA), without modifications to the manufacturers’ protocol. Baseline 
cortisol at awakening was used as a covariate within the present study, and was calculated as the 
cortisol concentration at awakening averaged over the three-day period. Race, ethnicity, and 
biological sex of each participant was self-reported, with non-Hispanic White and male as 
reference group.  
Statistical Analysis 
All statistical analyses were performed using Stata 16.0 (StataCorp, TX). Prior to all 
analyses, outcome variables (Si, DI, AIRg) were evaluated for normality. Due to the skewness of 
all three variables, all were natural-log transformed to help normalize their distribution and 
improve linear regression assumptions. Means for the total sample and mean differences by race 
were determined for age, BMI, BMI percentile, body fat percentage, pubertal development, 
household education, and perceived stress using an independent t-test. The statistical procedure 
of multiple imputation was used to account for missing data using chained regression equations 
with 100 data sets imputed30. Most study variables had complete data or ≤10% missing data. The 
variable with the highest fraction of missing data was household education, with 50% of the data 
missing at random.  
For the main effect models, multivariable linear regression was used to examine the 
association between the independent variable (psychological stress; race) and the dependent 
variables (log-Si, log-AIRg, and log-DI). For the interaction models, the moderating effects of 
race in the association between the psychological stress and metabolic outcomes (log-Si, log-
AIRg, and log-DI) were tested by adding a race interaction term to psychological stress (e.g. 
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psychological stress*race). Given that Si is a major determinant of pancreatic beta-cell function, 
Si was included as a covariate in the regression models predicting AIRg and DI
31. A p-value of 
p<0.05 was set a priori to determine significance for all models. 
Results 
Participant characteristics 
Participant characteristics are displayed in mean and standard deviation and percentage in 
Table 1. Mean age of participants was 16.6±1.8 years, with 60% of the sample self-identifying as 
female (40% male), and 51% as non-Hispanic Black (49% non-Hispanic White). Mean 
household education score was 6.1±0.9, indicating that most households had at least one 
caregiver who had graduated college. Mean BMI percentile was 93.67% (BMI: 30.6±5.8 kg/m2), 
while total body fat was 31.6±13.9 kg. In total, 50% of participants were classified as having 
overweight (BMI percentile 85th - 94th), and 50% as having obesity (BMI percentile > 95th). 
Mean Si for the sample was 2.74±2.12 x 10
-4min-1/(μlU/ml), suggesting that the majority of 
adolescents in this sample were insulin resistant. Racial differences were observed among 
participants. Specifically, non-Hispanic Black participants had, on average, significantly higher 
AIRg (non-Hispanic Blacks: 1447.5±1064.1 vs. non-Hispanic Whites: 921.4±656.6 μU/ml; 
p=0.004) and DI (non-Hispanic Blacks: 3301.1±4324.9 vs. non-Hispanic Whites: 1853.3±963.7 
x10-4/min-1; p=0.025) compared to their non-Hispanic White peers, indicating possible pancreatic 
compensation in response to their insulin resistance. Mean PSS-14 for the total sample and by 
race was approximately 22, with a range of 7 to 40, suggesting that stress levels were moderate 
across the sample (based on a tertile classification of low, moderate, and high stress from 
possible scores of 0-56).  
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Psychological stress and the moderating effect of race/ethnicity on metabolic outcomes 
Table 2 displays the associations between psychological stress, race, Si, AIRg, and DI. 
Psychological stress was not associated with log-Si (β=0.004±0.01, p=0.75), log-AIRg (β= -
0.007±0.01, p=0.44), or log-DI (β= -0.007±0.01, p=0.44) when controlling for covariates and Si, 
where appropriate. Race was also associated with log-AIRg (β=0.49±0.12, p<0.001) and log-DI 
(β=0.49±0.12, p<0.001) independent of all other covariates.  
Figure 3 illustrates the interaction model examining the moderating effect of 
race/ethnicity on the association between psychological stress and Si. It was observed that 
race/ethnicity modified the association between stress and Si (pinteraction= 0.022), where non-
Hispanic Black adolescents had significantly lower Si compared with their non-Hispanic White 
counterparts. Race did not modify the association between stress and AIRg, nor the association 
between stress and DI (ps>0.05).   
DISCUSSION 
 This study sought to examine racial differences in the association between psychological 
stress and measures of T2D risk (Si, AIRg, DI) in non-Hispanic Black and White adolescents 
with overweight/obesity. When both non-Hispanic Black and White participant data were 
analyzed together, no association between psychological stress and measures of T2D risk were 
seen; however, race did independently predict T2D risk factors. Racial differences were observed 
with AIRg and DI, with non-Hispanic Black participants displaying a 44.4% higher AIRg and a 
56.2% higher mean DI compared to their non-Hispanic White peers. When race was tested as a 
moderator, it played a unique and distinct role in the association between psychological stress 
and Si. Specifically, higher levels of psychological stress were associated with lower Si among 
non-Hispanic Black adolescents, whereas higher levels of stress were associated with higher Si 
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among non-Hispanic White adolescents. Together, these findings suggest that psychological 
stress may have a differential impact on metabolic dysfunction and T2D risk among Black and 
White adolescents with overweight/obesity.  
Our finding that higher psychological stress was associated with lower Si among non-
Hispanic Black adolescents is consistent with prior studies demonstrating associations between 
psychological distress (a negative emotional state that results from perception of stress) and 
decreased Si in pediatric and adolescent samples
18,19. Shomaker et al. observed, among 
adolescents ages 12-18 years across all weight statuses, that increased levels of psychological 
distress (specifically depression) was associated with decreased Si (as measured using the 
quantitative insulin sensitivity check index—QUICKI); this association remained significant 
even when controlling for factors such as age, fat mass, and pubertal status18. In a longitudinal 
study by the same author in a sample of children and adolescents ages 6-13, higher baseline 
psychological distress was associated with greater insulin resistance (via HOMA-IR) six years 
later19. The association between higher psychological stress and lower Si among non-Hispanic 
Black participants presently may have been influenced by the participants’ stress appraisal. 
Specifically, the degree to which an individual appraises a stressor or situation as a threat (i.e. 
stressor that is too demanding) or as a challenge, is dependent on their experiences of stress (both 
past and present), as well as their individual characteristics (e.g., personality) and the scope of 
the stressor (e.g. how dangerous the stressor or situation is)32. Evidence suggests that there are 
racial differences in relation to the amount and type of stressors experienced by individuals, even 
among adolescent populations. For example, there is substantial evidence that suggests that non-
Hispanic Black adolescents are exposed to stressors stemming from violence, traumatic stressful 
life events, as well as institutional discrimination, at higher rates compared to their non-Hispanic 
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White counterparts (e.g.13–15,33). It is plausible that the higher levels of ‘threat’ type stress 
exposure among non-Hispanic Black adolescents compared to their non-Hispanic White peers 
may have contributed to the differential relationship observed between psychological stress and 
Si. Given that there were no significant differences in perceived stress scores in the current 
analysis, it is likely that the Perceived Stress Scale may not have captured differences in the 
specific types or appraisal of psychological stress. Moreover, the biological stress marker cortisol 
was also not significant within our statistical models, pointing again to the role of other possible 
biological and psychological mechanisms. Thus, additional research is needed to disentangle the 
interrelationships between amount and types of stress exposure, stress appraisal, and metabolic 
risk among non-Hispanic Black and White adolescents with overweight/obesity.   
The finding that higher psychological stress was associated with greater insulin 
sensitivity among non-Hispanic White adolescents was unexpected. Nevertheless, there are a few 
plausible explanations for this finding. The impact of social support—both structural and 
functional support—and the indirect effect of positive social relationships may have influenced 
the association between psychological stress and Si among non-Hispanic White adolescents. It is 
plausible that increased social support acts as a mechanism that dampens stress responses 
through pathways that include but are not limited to instrumental (i.e. access and utilization of 
services to cope with a stressor), emotional (i.e. providing feelings or self-worth, usefulness to 
help cope with a stressor), and informational assistance (i.e. giving advice, talking through a 
stressor)34,35. These forms of social support together or individually may in turn work to not only 
buffer the impact of stress physiologically, but also enhance resilience over time among non-
Hispanic White adolescents. Among adults there is an emerging body of evidence indicating that 
higher levels of structural (i.e. social networks) and functional (i.e. quality of social 
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relationships) support confer metabolic benefits such as decreased risk of T2D (e.g.36,37). Much 
less is known about the role of social support on metabolic benefits among children and 
adolescents. Nevertheless, a recent longitudinal study by Gangel and colleagues examining 
children’s positive social relationships and their effects on adolescents’ T2D risk showed 
positive benefits. Specifically, the authors found that higher social preference (level of being 
accepted vs rejected by peers) at age 7 was associated with reduced T2D risk (HOMA-IR) at age 
1638. The authors noted that higher social preference may lead to decreased T2D risk via 
behavioral and biological pathways. Higher social acceptance by friends may allow for children 
to be able to spend more time with their friends engaging in physical activities such as sports, in 
turn, reducing T2D risk39. Similarly, increased social support may lead to physiological increases 
in favorable hormones such as oxytocin and decreases in other hormones such as cortisol; 
altogether reducing risk of T2D physiologically38. With recent evidence pointing to possible 
racial differences in types of social support—particularly regarding social networks40,41, tangible 
support, and appraisal support41—it is plausible that compared to non-Hispanic Black 
adolescents, White adolescents may have had greater access to social support resources when 
facing stress earlier in their development. This is particularly relevant as extreme and toxic stress 
(e.g. chronic neglect, intrafamily violence) in comparison to manageable stress (i.e. where one 
has the necessary resources to cope) in early childhood can damage the developing brain and 
increase risk for dysregulation of the stress response system42. Over time, greater access to 
support resources may have provided buffering and promoted capacity to manage higher levels 
of stress later in development, contributing to the inverse relationship seen presently. More 
studies are needed to replicate our findings and to confirm the effect of social support on stress 
and metabolic function among adolescents and across different racial groups.  
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Unlike Si, however, race did not significantly moderate the association between 
psychological stress and AIRg or between psychological stress and DI. Nevertheless, there were 
significant differences in baseline levels of AIRg and DI among non-Hispanic Black and White 
adolescents with overweight/obesity. The fact that race only moderated the relationship between 
stress and Si and not AIR or DI in the current study, suggests a potential mechanism of tissue 
insensitivity to insulin as opposed to beta-cell dysfunction. More specifically, Si is a measure of 
muscle, fat, and liver cell sensitivity to insulin, whereas the measures of AIRg and DI are 
measures of insulin secretion and pancreatic beta-cell function, respectively. Given the lack of a 
significant difference in Si among non-Hispanic Black and White adolescents coupled with the 
significant racial difference in the association between stress and Si, it is possible that high 
psychological stress demands without the necessary resources will lead in part to a mechanistic 
disruption to tissue sensitivity to insulin. Our results together with the existing literature point 
once more to the differential action in metabolic function across race.  
There are many strengths of this study that must be noted. Strengths include the use of a 
comprehensive clinical measurement of metabolic function (Si, DI, AIRg) and the inclusion of 
body fat percentage measured using Dual Energy X-ray Absorptiometry (DEXA)—a gold 
standard technique for measuring body composition in both research and clinical practice43. 
Furthermore, the diverse study sample and the use of a validated psychological stress 
questionnaire are other major strengths. However, a few limitations should be mentioned. Of 
note, the study is cross-sectional and therefore causality cannot be inferred. A large portion of 
missing data were noted for the household education variable in this analysis (50% of household 
education data were missing), however, multiple imputation was used to account for this missing 
data. Also, the inclusion of non-Hispanic Black and White adolescents with overweight/obesity 
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limits the generalizability of these findings to other ethnic groups as well as to adolescents with 
lower weights. Additional limitations included self-reported pubertal development as opposed to 
a physical examination of pubertal development and a lack of social support or stress appraisal 
data. Despite these limitations, we were able to observe a significant racial difference between 
psychological stress and Si among adolescents with overweight/obesity.  
Conclusion 
Adolescents with overweight and obesity are at increased risk for metabolic diseases such 
as T2D that maybe partly associated to psychosocial stressors. Findings from the present study 
add to the extant literature by highlighting the particularly harmful association between 
psychological stress on Si for non-Hispanic Black/African American adolescents. Given the 
higher levels of stress exposure often experienced by non-Hispanic Black adolescents, these 
notable findings may inform researchers and behavioral interventionists to create innovative 
means to lower stress and increase stress buffers and resilience among non-Hispanic Black 
adolescents experiencing high levels of psychological stress. Given the positive association 
between stress and Si among non-Hispanic White adolescents, interventions that leverage 
supportive positive relationships among family and friends may help buffer the influence of 
stress on both Black and White adolescents. Furthermore, enacting policies that address stressors 
within the built and social environment may in turn help decrease disparities often observed in 




Tables and Figures 
Table 4-1. Participant characteristics. Statistics are in mean and standard deviation (SD).  
BMI; body mass index. NHW= non-Hispanic White; NHB= non-Hispanic Black.   
 
Characteristic Total sample Race/ethnicity 
   n NHW n NHB p-value 
Age (years) 96 16.6 (1.8) 49 16.4±1.9 47 16.9±1.6 0.18 
Sex (% female) 96 60% 49 59% 47 62% 0.80 
BMI (kg/m2) 96 30.6 (5.8) 49 30.1±5.7 47 31.1±5.8 0.40 
BMI percentile (%) 96 93.7 (4.1) 49 93.4±4.1 47 93.9±4.1 0.60 
Body fat (kg) 86 31.6 (13.9) 43 33.0±14.1 43 30.2±13.6 0.36 
Pubertal category score 92 10.1 (1.9) 47 10.2±2.1 45 10.1±1.7 0.88 




2.74 (2.1) 49 2.61±1.4 47 2.88±2.7 0.55 
AIRg (μU/ml) 96 1179.0 (914.4) 49 921.4±656.6 47 1447.5±1064.1 0.004* 
DI (x10-4/min-1) 96 2562.1 (914.4) 49 1853.3±963.7 47 3301.1±4324.9 0.025* 
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Table 4-2. Table 2. Linear regression analysis for psychological stress, metabolic outcomes.  




Model 1: Log-Si    
Psychological stress             0.004 0.01 0.75 
Biological sex     
Male ref ref ref 
Female 0.348 0.22 0.11 
Race     
Non-Hispanic White ref ref ref 
Non-Hispanic Black -0.10 0.16 0.53 
Body fat percentage -4.20 1.05 <0.001* 
Pubertal category score 0.06 0.05 0.24 
Household education 0.002 0.10 0.99 
Baseline cortisol at awakening 0.21 0.51 0.68 
    
Model 2: Log-AIRg     
Psychological stress -0.007 0.01 0.44 
Biological Sex     
Male ref ref ref 
Female -0.433 0.155 0.007 
Race     
Non-Hispanic White ref ref ref 
Non-Hispanic Black 0.492 0.116 <0.001* 
Body fat percentage 2.648 0.817 0.002 
Pubertal category score 0.01 0.034 0.78 
Household education -0.012 0.074 0.87 
Baseline cortisol at awakening -0.004 0.376 0.99 
Log-Si -0.392 0.076 <0.001* 
    
Model 3: Log-DI     
Psychological stress -0.007 0.01 0.44 
Biological Sex     
Male ref ref ref 
Female -0.433 0.155 0.007 
Race     
Non-Hispanic White ref ref ref 
Non-Hispanic Black 0.492 0.116 <0.001* 
Body fat percentage 2.648 0.817 0.002 
Pubertal category score 0.01 0.034 0.78 
Household education -0.012 0.074 0.87 
Baseline cortisol at awakening  -0.004 0.376 0.99 
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Chapter 5  
Weight Stigma and Physical Activity Avoidance Among College-Aged Students  
 
Preamble 
The original study aims at the time of the dissertation proposal for study 4 was as 
follows: “To examine the cross-sectional associations of a weight discriminatory exposure on 
health-promoting behavioral intentions (exercise and eating intentions) and the moderating 
effects of stress on these associations in older adolescents ages 18-21 years of age.” The original 
aims were revised due in part to the COVID-19 pandemic that led to data collection stoppages in 
March of 2020. As a result, only 49 participants were able to complete both in-person visits for 
the study, which is far less than the original proposal of 200 participants. Furthermore, given the 
low sample size and its possible implications on statistical power, moderation analyses using the 
Perceived Stress Scale were conducted, but were not reported in the study manuscript. 
Nevertheless, noteworthy results and implications were obtained with the data from 49 
participants as described in chapter 5 of this dissertation. 
Weight stigma and physical activity avoidance among college-aged students is the fourth 
study in the dissertation. It is a study that explored the cross-sectional associations between prior 
weight stigma experiences, physical activity intentions (positive intent and avoidance), and 
physical activity behavior [moderate-to-vigorous physical activity (MVPA), total physical 
activity (TPA)]. The study also examined the acute effects of a weight stigma exposure on future 
physical activity intentions and behaviors among young undergraduate college students. 
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The abstract for this study has been submitted and accepted for an e-poster at the 
American College of Sports Medicine 2021 Annual Meeting. This manuscript will be submitted 




Weight stigma is a common form of discrimination that has been associated with unhealthy 
eating, however, less is known about the impact of weight stigma on physical activity (PA) 
intentions and objectively measured PA behaviors. PURPOSE: The purpose of this study was 
two-fold: (1) to explore cross-sectional associations between prior weight stigma experiences, 
PA intentions and behaviors; and (2) to examine the acute effects of a weight stigma exposure on 
future PA intentions and behaviors among young undergraduate college students. METHODS:  
Prior experiences of weight stigma were evaluated using the Brief Stigmatizing Situations 
Inventory. Positive PA intentions were measured via the Exercise Intentions Scale, and PA 
avoidance was measured via the Exercise Avoidance-Motivation Scale. PA behaviors were 
measured using accelerometry over a minimum of 4 days. To assess the acute effects of weight 
stigma exposure, participants were randomized into one of two experimental conditions: (1) a 
weight stigmatizing video condition or (2) a neutral video control condition. Following each 
condition, participants answered questions regarding their PA intentions for the upcoming week 
and were given an accelerometer to assess MVPA and TPA for one week. RESULTS: Forty-
nine students between the ages of 18-21 years (84% female; 55% non-Hispanic white; 19.6±1.1 
years of age; BMI: 23.9±4.0 kg/m2; 35% with overweight/obesity) completed both the 
questionnaires and experimental protocol. Prior weight stigma experiences were associated with 
PA avoidance (β= 12.1±2.7; p<0.001), with greater weight stigma experiences predicting higher 
avoidance of PA. Prior weight stigma experiences were not associated with positive PA 
intentions, MVPA, or TPA (ps>0.05). Across experimental conditions, there were no differences 
in positive PA intentions (weight-stigma: 13.2±1.0 vs control: 12.9±0.89), PA avoidance 
(weight-stigma: 16.2±1.6 vs. control: 15.2±1.9), MVPA (weight-stigma: 36.6±5.1 min/day vs. 
control: 31.4±4.7 min/day), or TPA (weight-stigma: 98.6±8.2 min/day vs. control: 99.5±7.1 
min/day) (all p’s>0.05). CONCLUSIONS: Greater weight stigma experiences were associated 
with higher avoidance of PA among young college-age students. Future studies should examine 
the long-term effects of weight stigma on PA intentions and objectively measured PA behaviors 




Individuals with overweight and obesity often face discrimination and undue stigma from 
others because of their weight1. Those with overweight and obesity are frequent targets of day-
to-day discrimination across several different settings including but not limited to: educational, 
employment, health care, media, and within legal settings1. The media in particular, has been 
shown to play a crucial role in spreading weight bias—defined as negative-weight related 
attitudes, beliefs, and assumptions about individuals with overweight and obesity2. Children 
movies for example, often overtly characterize children with overweight or obesity as being lazy, 
aggressive, unpopular, and unintelligent compared with their normal weight counterparts, in turn, 
sending stigmatizing messages to those with overweight and obesity3,4. The pervasiveness of 
weight bias and the unequal treatment (i.e. discrimination) of individuals with higher weight in 
the U.S. is rising. Current evidence suggests that incidences of weight discrimination rose 
substantially from the late 1990s to the mid-2010s and is currently believed to be similar to rates 
of racial discrimination in the United States5, highlighting the extensiveness of weight stigma in 
the U.S.  
Weight stigma—defined as the social rejection or devaluation of those with higher weight 
status6, is not only a major issue among adults, but also among children and adolescents as well. 
Public school teachers for example, have previously noted that weight related bullying from 
peers was one of the most salient forms of bullying occurring within schools7. Moreover, 
adolescents with overweight and obesity face weight bias from their teachers as well, often 
manifesting in the form of lowered expectations and attitudes regarding their academic, physical, 
and social capabilities compared with their normal weight counterparts8. There is evidence that 
weight stigma is also common within the home environment. In a retrospective study, 53% of 
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women with obesity stated that they regularly encountered weight stigma from their mothers 
when growing up9. Overall, the negative consequences of weight stigma from close family 
members and society are long lasting and may track into adulthood4. 
Stigmatization has been heralded as a possible means of reducing obesity rates. It was 
assumed that individuals with overweight and obesity would change their eating behavior and 
lose weight when stigmatized10. While successful in reducing smoking prevalence (i.e. anti-
smoking campaigns), researchers have found this approach to be ineffective as it relates to 
weight management. Rather than assisting individuals in losing weight, weight stigma has been 
shown to work in a manner contrary to expectations—increasing psychological stress and 
leading to increased weight gain among adults11–13. Among adolescents, researchers have 
observed that increased weight stigma in the form of internalized stigma—the belief that one 
deserves the stigma and discriminatory treatment they experience because of their weight2—was 
also associated with increased levels of psychosocial distress14.  
 One pathway by which weight stigma works to increase stress is through what is 
described as social identity threat—wherein individuals with obesity are viewed negatively by 
society, and as a result they themselves may begin to embody those same societal views. 
Originating from social identity theory, social identity threat occurs during a social situation or 
event where an individual feels threatened, judged, or discriminated against because of an 
identity or stereotype that they may or may not uphold15. Those who are stigmatized and bullied 
can internalize the negative judgements of others, resulting in increased stress. The influence of 
social identity threat is clearly seen in studies such as the one conducted by Major and 
colleagues13. This identity threat not only affects an individual’s biological stress response16, but 
also likely alters one’s behavioral responses as well.   
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It has been proposed by Major and colleagues as well as several others, that weight 
stigma is a stressor that not only leads to increased psychological stress but also decreased self-
regulation in individuals with overweight and obesity, which in turn leads to increased eating and 
ineffective attempts to lose weight13. Weight stigma not only affects eating behavior, but there is 
evidence that it affects physical activity behavior as well. Exposure to weight stigma has been 
shown to be associated with lowered physical activity engagement and motivation to exercise, 
and reduced sports enjoyment in children and adolescents17,18. Previously, in a study of weight 
victimization among adolescents, Puhl and Luedicke found that those reporting negative 
emotions resulting from weight-based victimization were more likely to use maladaptive and 
avoidant coping strategies such as avoiding physical activity and physical education class18. 
Among fifth through eighth grade youth, it was observed that weight stigma in the form of 
weight criticism during physical activity, was related with reduced sports enjoyment and reduced 
self-reported mild-intensity physical activity participation17. In a sample of college-aged females 
with normal weight, overweight, and obesity, it was observed that previous weight stigma 
experiences were related with increased avoidance of physical activity regardless of BMI19. 
Similar findings regarding previous experiences of weight stigma and teasing with that of 
reduced interest in participating in physical activity in adolescents have been seen with other 
investigators20–22. Together, these studies provide preliminary evidence of the negative effect of 
previous and in-task weight-stigma on physical activity participation and motivation. However, 
given the lack of studies assessing how weight stigma will influence future physical activity 
intentions and behaviors among adolescents, research addressing this concern among adolescents 
is needed.  
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To address this research gap, the purpose of this study was twofold: (1) to confirm cross-
sectional associations between prior weight stigma experiences, physical activity intentions 
(positive intent and avoidance), and objectively measure physical activity behavior [moderate-to-
vigorous physical activity (MVPA), total physical activity (TPA)] among young undergraduate 
college students; and (2) to examine the effects of an acute weight stigma exposure on future 
physical activity intentions and behaviors in this age group. It was hypothesized that higher 
levels of prior weight stigma experiences would be associated with lower physical activity 
intentions and behaviors, and that an acute exposure to weight stigma would be associated with 
short-term declines in physical activity intentions and behaviors.  
Methods 
Study participants 
Undergraduate students between the ages of 18-21 were recruited from the University of 
Michigan Ann Arbor campus to participate in the Attitudes Regarding Eating and Activity 
(AREA) study. Participants were recruited via: (i) flyers posted on the University campus, local 
libraries, and churches, (ii) word of mouth, (iii) through the University research paid subjects 
pool, (iv) and social media platforms. Participants with normal-, overweight-, and obese-weight 
statuses were recruited and screened for clinical diagnosis of depression, anxiety, or other mental 
health disorders that may influence mood, emotions, or perceptions of stress as well as prior 
treatment or diagnosis of an eating disorder. As a result of the high prevalence of these mental 
disorders within college-aged populations23, participants were not excluded due to diagnosed 
anxiety or depression, but merely screened. Participants were however, excluded from the AREA 
study on the following basis: i) if they were not between the ages of 18-21 years, ii) if they had a 
prior diagnosis of a psychiatric disorder (not including anxiety and depression), iii) if they were 
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not a current student at the university, iv) or if they had a mental disability that could hinder 
them from answering survey questionnaires. Data collection began January 2020 and ran until 
March 2020. Data collection was stopped in March 2020 because of the COVID-19 pandemic 
and the halt of in person data collection across the University. Data collection was conducted 
online using the University Qualtrics Survey software and in-person at the Childhood Disparities 
Research Laboratory (CDRL). Participants were compensated 20 dollars for the completion of 
all surveys, and an additional 20 dollars upon completing a weeklong physical activity 
measurement. Prior to all data collection, written informed consent was obtained from all 
participants. All experimental procedures, inclusion and exclusion criteria, risks and benefits, 
confidentiality, compensation, and all pertinent research protocol were approved by the 
University Institutional Review Board (HUM 00170449) before the start of the study.  
Data collection procedures 
The description of the study timeline for the AREA study can be seen in Figure 1. At 
least one week prior to their first in-person visit, participants completed the baseline survey that 
consisted of demographic and psychological questions including questions regarding prior 
weight stigma experiences and perceptions regarding their weight. Participants then came to the 
CDRL for their first in-person visit, where they completed the experimental condition and were 
given an accelerometer to take home following the visit. A week following the experimental 
condition, participants returned to the CDRL to return the accelerometer and to complete a 
follow-up survey pertaining to their physical activity participation over the past week. A 
debriefing statement and discussion with the participants detailing the true purpose of the study 




Upon completion of the baseline survey, participants were randomized into either a 
weight stigmatizing or non-stigmatizing control condition. A simple randomization method was 
conducted, using a random number generator for each participant’s group/condition assignment.  
Experimental conditions  
Participants came to the CDRL to complete either the weight-stigmatizing condition or 
the control condition. The weight-stigmatizing condition consisted of watching a 10-minute 
video compilation that was created to induce feelings of weight related devaluation1. The 
stigmatizing video was a compilation of several short clips from popular television shows and 
comedy movies that depicted individuals with overweight and obesity in stereotypical and 
derogatory ways. The control condition consisted of watching a neutral, low affect 10-minute 
video compilation that included clips of advertisements for furniture, car insurance, and clips 
from shows such as Blue Planet and Planet Earth. Both videos were created by and have been 
previously used by Schvey and colleagues1. Additionally, both videos have been previously used 
to examine the physiological impact of weight stigma exposure in adult women with 
overweight1. To confirm that a negative affective response occurred as a result of the weight-
stigmatizing condition, the short form of the Positive and Negative Affect Schedule (PANAS) 
scale was used as a measure of positive and negative affect24. The PANAS scale is a commonly 
used self-reported 20-item scale to assess both positive and negative affect. The PANAS has 
been previously used in a sample of adolescents and young adults ages 11-21 years25 and showed 
good internal consistency among the present sample (Cronbach α=0.825).  
Dependent variable 
Positive physical activity intentions 
 
 111 
Participants’ positive physical activity intentions were assessed using the Exercise Intention 
Scale26. The Exercise intention scale is a three item scale that measures intentions to exercise over 
the course of the upcoming week, with Likert-type responses on a scale anchored from 1 to 726. An 
example question from the Exercise Intention Scale was: “In the next two weeks, my goal is to 
exercise,” with responses anchored by not at all (1) to every day (7). The exercise intention scale 
showed excellent internal consistency among the present sample (Cronbach α=0.89). The 
exercise intention scale has been previously used among adult samples26.   
Physical activity avoidance  
Intentions to avoid physical activity was measured using the Exercise avoidance-motivation 
scale19. The exercise avoidance-motivation scale is an eight item, seven-point Likert-like scale that 
assesses an individual’s reaction to experiences dealing with ‘negative situations related to their 
weight’ particularly in the domain of exercise. Each item on the scale is anchored by not at all true 
(1) to completely true (7). The exercise avoidance-motivation scale demonstrated excellent 
internal consistency among the sample population (Cronbach α=0.87) and has been previously 
used in a young undergraduate sample19.  
Objectively measured physical activity  
MVPA and TPA participation was measured using the GT3X ActiLife accelerometers 
(Actigraph LLC., Pensacola, FL). All participants were asked to wear the 3-axial accelerometers 
for 7 days snugly on their right hip using an adjustable belt. At home, participants were also 
asked to complete a non-wear/sleep diary in tandem with the accelerometer. Participants were 
advised to remove the accelerometers during bathing, water-based activities, contact sports, and 
while they slept. All accelerometers were initialized to collect raw data at a frequency of 30 Hz. 
Raw accelerometer data were downloaded and integrated into 60s epochs via ActiLife software 
version 6.11.8 using Puyau cut points27. The Puyau cut-points were used to derive moderate-to-
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vigorous activity27. A wear time of > 600 minutes/day was used as the criteria for a valid day, 
and > 4 valid wear-days was used as the criteria for an accurate baseline measure, in line with 
established accelerometry recommendations28. Consecutive periods of zero counts for > 60 
minutes were also defined as non-wear time29. Non-wear times were excluded from the analyses 
with only valid wear-time data used to determine intensities of daily activity intensities in 
minutes.  
Independent variable 
Prior weight stigma experiences 
 The brief-form of the stigmatizing situations inventory (SSI-B), is a commonly used 
inventory used to measure and assess an individual’s past experiences with weight stigma30. This 
brief form consists of a 10-item, Likert-type scale anchored by 0 (never) to 9 (daily) that assesses 
whether, and how often, individuals have experienced weight-stigmatizing situations31. An example 
item from the SSI-B includes: “Having a doctor recommend a diet, even if you did not come in to 
discuss weight loss.” The SSI-B has been previously validated as an efficient tool for assessing 
experiences with weight stigma31. The SSI-B showed good internal consistency within the sample 
(Cronbach α=0.79). 
Covariates 
Anthropometric measures of height and weight were measured in the CDRL by trained 
study staff members following the completion of the last study survey during each participant's 
second in-person visit. Height (cm) was measured to the nearest 0.1 cm using ShorrBoard ® 
(Weigh and Measure, LLC. Olney, MD) with standardized procedures. Body weight (kg) was 
measured to the nearest 0.1 kg, using an electronic scale (Doran Scales, Inc, Batavia, IL). Race 
and ethnicity of each participant was self-reported along with each participant’s biological sex.   
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Statistical analysis  
All data analysis was conducted using Stata 16.0 (StataCorp LP, College Station, TX). T-
tests were used to compare the mean values of negative affect between those who were 
randomized to the weight-stigmatizing condition and those in the control condition. 
Multivariable linear regression models were used to examine the association between the 
independent variable (prior experiences of weight stigma) and dependent variables (physical 
activity intentions and objectively physical activity behavior), adjusting for all covariates [age, 
sex, race, and body mass index (BMI)] in each model. To see whether involvement in the stigma 
condition predicted physical activity intentions and behaviors, similar multivariable linear 
regression analyses were conducted with a dichotomous independent predictor variable 
(condition). T-tests were used to assess the acute effects of the weight-stigmatizing exposure on 
physical activity intentions and behaviors across conditions.  A p-value of p<0.05 was set a 
priori to determine significance for all models. 
Results 
Participant characteristics 
Participant characteristics are displayed in mean and standard deviation in Table 1. A 
total of 49 participants completed the study. In total, study participants were: 81.6% female 
(18.4% males), 59.2% White (40.8% non-White), with a BMI of 23.9±4.0 kg/m2 (35% classified 
as having overweight/obesity), and a mean age of 19.6±1.1 years. Of the 49 participants, there 
were 21 participants who were not asked about any prior diagnosed anxiety or depression. Out of 
the 28 participants who were asked about their history of anxiety and depression, 5 participants 
disclosed that they had been diagnosed with anxiety, depression, or both. There were no 
differences in participant characteristics across both experimental conditions (age, race, BMI, 
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height, weight, prior weight stigma experiences; all ps>0.05). The average rating (score) for the 
Stigmatizing Situations Inventory was 0.39 (SD=0.49), indicating that the participants in this 
study on average rarely experienced weight stigma. Mean scores ranged from 0.1 (at least once 
before) to 0.21 (over several times in their lives), and all participants indicated having 
experienced at least one incidence of weight stigma in their lifetime. The mean score for prior 
weight stigma experiences is in line with a previous study conducted among a sample that 
included college-aged participants across the weight spectrum19. On average, participants 
engaged in 34.0±22.5 minutes of MVPA per day, with a range from 2.7 minutes per day to 101.9 
minutes per day, suggesting that on average, participants met and even exceeded the national 
recommendations of at least 30 minutes of MVPA per day. Mean TPA per day was 99.0±34.6 
minutes, with a range of 23.3 to 198.6 minutes of activity per day. Mean positive exercise 
intention score was 12.98 (SD=4.4) out of a possible score of 21, whereas average exercise 
avoidance score was 15.7 (SD=8.5) out of a possible score of 56.   
Confirmation of a negative affective response 
Negative affect was significantly different across experimental conditions, with higher 
negative affect among those in the weight-stigmatizing condition compared with those in the 
non-stigmatizing control condition (weight-stigma: 18.7±0.9 vs control: 11.2±0.4; p<0.001). No 
significant difference in positive affect was seen (weight-stigma: 17.5±1.0 vs control: 20.5±1.6; 
p= 0.12), however, positive affect was lower among those in the weight-stigmatizing condition. 
Together these results confirmed the increase in negative emotional distress caused by the 
weight-stigmatizing condition.  
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Prior weight stigma experiences, physical activity intentions, and behaviors 
Linear regression analysis examining the association between prior weight stigma 
experiences, physical activity intentions, and physical activity behaviors is reported in Table 2. 
Prior weight stigma experiences were associated with physical activity avoidance (B= 12.1±2.7; 
p<0.001), with greater weight stigma experiences predicting higher avoidance. Prior weight 
stigma experiences were not associated with positive physical activity intentions, nor with 
MVPA, or TPA (ps>0.05). 
Acute effects of a weight stigma exposure on physical activity intentions and behaviors 
The analysis for the acute effects of the weight-stigmatizing exposure on physical activity 
intentions, and physical activity behaviors across experimental conditions can be seen in Figure 
2. There were no differences in positive physical activity intentions (weight-stigma: 13.2±1.0 vs 
control: 12.9±0.89), avoidance (weight-stigma: 16.2±1.6 vs. control: 15.2±1.9), MVPA (weight-
stigma: 36.6±5.1 min/day vs. control: 31.4±4.7 min/day), or TPA (weight-stigma: 98.6±8.2 
min/day vs. control: 99.5±7.1 min/day) across experimental conditions (ps>0.05). When linear 
regression was used to examine whether the experimental condition predicted physical activity 
intentions and behaviors, it was observed that experimental condition did not predict positive 
physical activity intentions, physical activity avoidance, MVPA, or TPA (all ps>0.05; Table not 
shown).  
Discussion  
In the present study, greater prior experiences of weight stigma was associated with 
higher avoidance of physical activity, but not positive physical activity intentions nor objectively 
measured physical activity behaviors (accelerometry). Exposure to an acute weight stigma 
condition was also not associated with changes in physical activity intentions or behaviors. 
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Together, the present study provides confirmation of the detrimental effects of prior weight 
stigma on decreasing future physical activity motivations. Given that the sample population 
reported relatively low prior experiences of weight stigmatization, the present findings are 
significant, in that low to mild levels of weight stigmatization can lead to the avoidance of 
physical activity. This may, in turn, expedite decreases in future participation in physical activity 
among older adolescents and young college-aged students.  
Previously, Vartanian and Shaprow explored the impact of weight stigma on exercise 
motivation in a sample of college-aged females with normal weight, overweight, and obesity. 
The authors noted that weight stigma experiences were related with increased avoidance of 
physical activity regardless of BMI19. Among younger adolescents in grades 9-12th, Puhl and 
Luedicke observed that those reporting negative affect in response to experiencing weight stigma 
were more likely to avoid engaging in physical activity and avoid going to physical education 
class18. In the adult literature, Vartanian and Novak also found that increased experiences of 
weight discrimination was associated with avoidance of physical activity32. Seacat and 
Mickelson also tested to see whether exposure to negative weight-related stereotypes (stereotype 
priming) affected personal exercise and dietary health behaviors in women with overweight. 
They observed that those primed to think about their weight reported lower levels of exercise and 
dietary intentions in comparison to those who were not primed33. Together, the present study in 
addition to those by prior investigators demonstrates how the stressor of weight stigma, increases 
avoidance of physical activity and decreases intentions to engage in physical activity. This in 
turn may have long-term implications for weight gain and healthy living, particularly as the 
negative consequences of weight stigma are long lasting and may track into adulthood4. 
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Although higher levels of prior weight stigma was associated with higher avoidance of 
physical activity, an acute laboratory exposure to weight stigma was not related with changes in 
physical activity intentions including avoidance of physical activity. Although this finding did 
not support our hypothesis, other research points to mixed findings in the association between 
weight stigma and physical activity. For example, Pearl et al., suggested that exposure to weight-
stigmatizing media may actually lead to greater reports of exercise intentions, motivation, and 
behavior, in part because of a pathological drive for thinness encouraged by the media content34. 
In their study exploring past experiences of weight stigma and a present stigmatizing media 
exposure on physical activity intentions, motivation, and behavior among women ages 18-59 
years, they observed that those randomized to the stigma condition who had higher prior weight 
stigma experiences, reported greater exercise intentions and behavior, and also had a higher drive 
for thinness. Although there were no significant differences in prior experiences of weight stigma 
across conditions in our present sample, it is plausible that the null findings may be due in part to 
not exploring interaction factors such as disordered eating and a drive for thinness that may 
amplify the effects of weight stigma above and beyond an acute exposure. Because of the small 
sample size however, such complex analysis would have had insufficient power. Post-hoc power 
analyses with the current sample of 49 participants, an alpha level of 0.05 (two-sided) showed 
that we had more than 78% observed power to detect a large effect (d=0.8), and more than 40% 
observed power to detect a medium effect size (d=0.5) between experimental groups. Thus the 
current findings should be considered exploratory. Future studies employing such experimental 
designs should consider the role of moderators such as prior weight stigma experiences and body 
shape concerns when examining the effects of an acute weight stigma exposure on behavioral 
intentions. Furthermore, it is also possible that there were not enough participants within our 
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sample with negative self-perceptions of their body size, as only 3 of the 49 participants viewed 
themselves as being either underweight, overweight, or very overweight. Similarly, only 4 of the 
49 participants thought others perceived their body size as either underweight or overweight. The 
vast majority of the sample perceived their weight and others perception of their weight as 
normal. This generally positive self-perception of weight by the participants may have played a 
role in our null findings, given that most viewed their weight to be normal and thus the 
likelihood of experiencing social identity threat from watching the weight-stigmatizing video is 
lessened.  
 Contrary to our hypotheses, neither prior experiences of weight stigma, nor an acute 
weight stigma exposure was associated with or led to changes in future objectively measured 
physical activity engagement. Our findings however, are similar to Vartanian & Novak who 
observed that weight stigma (measured via the stigmatizing situations inventory) was not 
significantly related with mild, moderate, or strenuous activity measured via a self-reported 
questionnaire32. Likewise, Vartanian & Shaprow also did not find an association between weight 
stigma and past self-reported mild, moderate, and strenuous activity in a sample of 
undergraduate females19. Although other investigators have previously found an association 
between an acutely induced weight stigma experience and physical activity engagement33, it is 
plausible that the effects of weight stigma are more chronic rather than acute and that it is the 
cumulative experiences of weight stigma over time that may impact physical activity intentions 
and behaviors. Additionally, the use of objectively measured physical activity behavior, 
demographic differences in the current sample (e.g. racial diversity, varied BMI status), as well 
as timing of measures may have also contributed to the lack of a relationship between weight 
stigma and physical activity behavior. Given these plausible explanations and the limitation of 
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self-reported measures of physical activity—particularly the overestimation of energy 
expenditure35, additional longitudinal research incorporating device-based measurements are 
needed.  
There are many strengths of this study that must be noted. Strengths of the study include 
the racial and ethnic diversity of the study participants, an experimental design utilizing a 
validated weight stigmatizing video created by experts in the field of weight stigma, and the 
inclusion of individuals across the weight spectrum were notable strengths of this study. 
Furthermore, the use of objectively measured physical activity in the current study adds to the 
literature by filling a gap that has often been missing in existing studies. Nevertheless, a few 
limitations should also be mentioned. Of note, the study recruited participants who were student 
members of a Midwestern university, limiting the generalizability of the study findings to other 
groups outside of the Midwest and university environments. This, however, was done as a means 
for allowing for a tighter sample demographic, in turn, improving internal validity. In that 
limiting the sample to students from a single Midwestern university limits the influence of other 
demographic factors and variables that may be seen outside of this location and group. 
Additionally, the cross-sectional nature of the findings from the regression analysis limits 
interpretation of causality. Given the small sample size of the study as well, it is possible that we 
may not have had adequate power to detect changes in physical activity intentions and behavior 
across conditions. Lastly, because of the online and in-person nature of the study design, the 
confounding influence of the research assistant(s)’s social identities (race, gender, weight status) 
may have influenced accuracy of respondents' answers. Despite these limitations, we were able 
to observe a significant association between greater experiences of prior weight-stigma and 
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higher avoidance of exercise and physical activity among older adolescents/young college-aged 
students.  
Conclusion 
Considering the paucity of research on weight stigma and future physical activity 
intentions and objectively measured behavior among adolescents and young college-aged 
students, this study adds to the extant literature by demonstrating the harmful association 
between weight-stigma and greater avoidance of physical activity. Given the importance of 
physical activity on mental and physical wellbeing, and the uniqueness of this transitional period 
into early adulthood, where there is greater autonomy in decision making36, the present findings 
shed insight into the destructive nature of weight stigma on positive health enhancing intentions. 
Especially as the participants rarely experienced weight stigma yet there was still an association 
with physical activity avoidance. Given that the negative consequences of weight stigma are long 
lasting and track into adulthood4, it is critical for families, public health professionals, 
researchers, and all other stakeholders to find strategies to mitigate the negative consequences of 
weight stigma on health enhancing behaviors. Strategies that include but are not limited to 
increasing positive physical activity antecedents such as physical activity enjoyment through 
interventions focused on the intrinsic value of physical activity, as well as using positive 
portrayals of individuals with overweight/obesity in the media. Attributing more positive traits to 
an individual with obesity has been seen to improve and increase participation in daily exercise, 
as well as lower caloric intake37. This can be an important interventional facet in addressing 
obesity and its associated comorbid conditions during adolescence and emerging adulthood. 
Thus, encouraging and depicting enjoyment of physical activity among individuals of all weight 
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statuses, may be an important interventional tactic to reduce the negative impact of weight 
stigma on health enhancing behavior.
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Figure 5.2. Physical activity intentions and behaviors across experimental conditions. CON= 






Table 5-1. Participant characteristics. Statistics are in reported in either mean and standard deviation (SD) or frequency (%). 




Mean (SD) or 
Frequency (%) 
Age (years) 49 19.6 (1.1) 
Gender (% female) 49 81.6 
Race (% non-White) 49 40.8 
Non-Hispanic White 29 59.2 
Non-Hispanic Black 5 10.2 
Asian or Pacific Islander 13 26.5 
Other 2 4.1 
BMI (kg/m2) 49 23.86 (3.96) 
MVPA (min/day) 42 34.0 (22.5) 
TPA (min/day) 42 99.03 (34.6) 
Exercise intention score 49 12.98 (4.4) 
Negative Affect 49 15.0 (5.2) 
Prior experiences of weight stigma (SSI-B 
average score) 
49 0.39 (0.49) 
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Table 5-2. Linear regression output for association between weight-stigma and physical activity intentions and behaviors.  
 B=Unstandardized beta-coefficient. SSI= Stigmatizing Situations Inventory. MVPA= moderate to vigorous physical activity. 





 Coefficient (B) 
 
 Standard Error p-value 
Exercise avoidance    
SSI 12.1 2.7 <0.001* 
Positive intentions    
SSI -0.31 1.82 0.86 
MVPA    
SSI -2.94 9.23 0.75 
TPA    
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Chapter 6  
Summary, Implications, and Future Directions 
General conclusion and implications 
This dissertation focused on expanding the COBWEBS model to fill in gaps within the 
model related to physical activity, metabolic risk factors that may precede further weight gain, 
and the psychological constructs underlying physical activity and eating behavior. Specifically, 
this dissertation builds upon the COBWEBS model by: 1) including and investigating key 
psychobehavioral constructs that may underlie eating and physical activity behavior; 2) including 
physical activity—an important health behavior that must be considered as it relates to energy 
balance; 3) including additional consideration of metabolic risk factors that may precede further 
weight gain in adolescents with overweight/obesity; 4) including and exploring the influence of 
weight stigma on health behavioral intentions among older adolescents/young undergraduate 
students. Together, findings from this dissertation suggest that psychological stress affects 
behavioral antecedents such as physical activity enjoyment, and that greater susceptibility to the 
effects of stress on eating behavior is pronounced among those with disordered eating behavior. 
Additionally, findings from this dissertation suggests that neither physical activity, food intake, 
nor cortisol contributes to the relationship between psychological stress and T2D risk among 
non-Hispanic Black and White adolescents with overweight/obesity, rather race (conceptualized 
as a social construct) plays an important moderating role in the relationship between stress and 
T2D risk in this group. Lastly, the findings from this dissertation also suggests that the stressor of 
weight stigma leads to the avoidance of engaging in physical activity. The present findings 
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provide preliminary data for longitudinal studies, and suggests that preventative approaches are 
needed to address these behavioral precursors, which in turn may help interrupt the cycle of 
stress and weight gain among adolescents with overweight/obesity.  
Stress and its implications for physical activity enjoyment and engagement 
The first study of this dissertation examined the cross-sectional associations of 
psychological stress on physical activity enjoyment and physical activity participation in 
adolescents with overweight/obesity. In addition to that, study one of this dissertation also sought 
to examine the potential moderating effect of physical activity enjoyment on the association 
between stress and physical activity participation. Using cross-sectional secondary data analysis 
from the SODA and HCP studies, the key takeaway from this study was that greater 
psychological stress was associated with lower enjoyment of physical activity among adolescents 
with overweight/obesity. Contrary to our hypothesis, psychological stress was not a predictor of 
physical activity engagement, nor was physical activity enjoyment a significant moderator in the 
relationship between stress and physical activity engagement. Given the importance of physical 
activity enjoyment to long-term physical activity participation and the high levels of stress often 
experienced by adolescents with overweight/obesity, study 1 results are notable and point again 
to the value of adding physical activity to the COBWEBS model. It is plausible that higher levels 
of stress may further worsen self-perceptions (e.g. insecurity about appearance, confidence) 
about physical activity among adolescents with overweight and obesity, which may then 
influence actual participation in physical activity among adolescents with overweight/obesity in 
the long-term. Not only may stress influence self-perceptions about physical activity, but its 
negative association with physical activity enjoyment (a predictor of sustained physical activity 
engagement) further suggests that experiencing stress chronically may also lead to decreased 
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long-term physical activity participation. Thus, in order to break the cycle of weight gain among 
adolescents with higher weight status, it is imperative to improve self-perceptions regarding 
one’s ability to engage in physical activity. Just as importantly, making physical activity a ‘fun’ 
activity that anyone regardless of body size and ability can participate in through gamification 
for example, may be helpful in combating the immediate upstream effects of psychological 
stress. Lastly, it is important to equip adolescents with healthy stress coping strategies, such as 
using physical activity as a coping outlet, but just as important, school administrators and 
families must foster social environments wherein negative social experiences such as weight-
based bullying and stigmatization are not viewed as normal.  
Stress and its implications for eating behavior among adolescents with overweight/obesity 
The second study of this dissertation examined the cross-sectional associations between 
acute stress dimensions and caloric intake in adolescents with overweight/obesity, and the 
potential moderating effect of disordered eating behavior on these associations. Using cross-
sectional secondary data analysis from the SODA and HCP studies once again, the key takeaway 
from this study was that higher frequency and totality of acute daily stressors was associated 
with higher caloric intake among adolescents with overweight/obesity. Moreover, adolescents 
who engage in higher levels of disordered eating behavior were the most susceptible to having 
high food intake. Thus, in acute circumstances or situations where adolescents with 
overweight/obesity feel overwhelmed with demands beyond that of the resources they have at 
their disposal, they may turn to increasing food intake as a means of coping. If experiencing 
these acute stressors in a reoccurring manner over longer periods of time, it is plausible that these 
adolescents may further gain weight and be predispose to higher risk of cardiometabolic disease. 
Findings from this study, further confirm the COBWEBS model, and reaffirm the importance of 
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addressing the role of stress and its differing dimensions in propagating food intake and weight 
gain among youth and adults. Moreover, special attention must be paid to adolescents engaging 
in high levels of disordered eating behaviors, as this particularly group may already have a 
dysregulated relationship with food that is then worsen when experiencing bouts of stress. It is 
important to note that although acute daily stress dimensions were associated with higher food 
intake, more long-term psychological stress measured using the Perceived Stress Scale (PSS-14) 
was not associated with food intake in the sample (p>0.05). This analysis was done separately 
and was not included in the second study of this dissertation as it was outside of the scope of 
acute stress. Considering however, that other studies have demonstrated the impact of chronic 
stress on increasing food intake1, more studies are needed exploring specific types of stress and 
stress appraisal as it relates to food intake among adolescents with overweight/obesity.  
Stress and increased metabolic disease among Black adolescents 
The third study of this dissertation explored racial differences in the association between 
psychological stress and measures of T2D risk (Si, DI, and AIRg—assessed via an intravenous 
glucose tolerance test or IVGTT) among non-Hispanic White and Black adolescents with 
overweight/obesity. Using cross-sectional secondary data analysis from the SODA study, the key 
takeaway from this study was that psychological stress may have a differential impact on 
metabolic function and T2D risk among Black and White adolescents with overweight/obesity. 
More specifically, for non-Hispanic Black adolescents, higher levels of stress was associated 
with lowered insulin sensitivity, whereas for non-Hispanic White adolescents, higher levels of 
stress were associated with higher insulin sensitivity. Additionally, in contrast with our 
hypothesis, stress was not associated with any metabolic markers of risk (Si, AIRg, or DI) when 
data from non-Hispanic Black and White adolescents where analyzed together as a larger 
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sample. Because the different racial association observed between stress and T2D risk was only 
observed with Si and not AIRg or DI, it is plausible that the increased risk of T2D among Black 
adolescents works through a skeletal muscle insensitivity pathway as opposed to pancreatic beta-
cell dysfunction pathway. Given the increased stress exposure experienced by non-Hispanic 
Black adolescents—through such forms as racial discrimination, community and environmental 
violence for example, it is likely that the racial difference in T2D risk among Black and White 
adolescents is driven in part by stress. Nevertheless, because the positive association between 
stress and Si among non-Hispanic White adolescents, more studies are needed that examine the 
racial differences in the association between stress and insulin sensitivity among adolescents 
with overweight/obesity and the influence of stress appraisal and coping resources. In so doing, 
our understanding of the factors that buffer or otherwise alter this relationship among the two 
racial groups will be clearer.  
It is important to also note the original aims of the third study of this dissertation; which 
were to examine biobehavioral pathways that link psychological stress to a metabolic risk factor 
(insulin resistance) among adolescents with overweight/obesity. In models examining these aims 
through several linear regression models, cortisol patterning (diurnal cortisol and cortisol 
awakening response—CAR) alone was observed to be associated with android fat mass (a proxy 
measure for abdominal fat) (diurnal cortisol: β=0.05±0.02; p=0.029 and CAR: β=0.04±0.02; 
p=0.031), respectively. However, cortisol patterning was not associated with stress, Si, AIRg, nor 
DI (all ps>0.05). Additionally, all other possible pathways explored (physical activity, caloric 
intake) linking psychological stress and T2D risk were also found to be insignificant for the 
study sample. Although findings from the original aims do not suggest a connection between 
stress and T2D risk through a physical activity or caloric intake pathway, it is likely that other 
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social-environmental factors are at play connecting stress to T2D risk beyond and/or in addition 
to physical activity and caloric intake. Thus, additional studies exploring stress exposure types, 
stress appraisal, and coping resources for example are needed to confirm or refute the results of 
study 3. 
Weight stigma: a prominent stressor and its implications for physical activity 
The fourth study of this dissertation explored the associations between prior weight 
stigma experiences, physical activity intentions (positive intent and avoidance), and physical 
activity behavior among older adolescents/young undergraduate college students. In addition, the 
study also examined the acute effects of a weight stigma exposure on physical activity intentions, 
and physical activity behaviors among the same participants. Using primary data collected from 
the Attitudes Regarding Eating and Activity (AREA) study, the key takeaway from this study 
was that greater prior experiences of weight stigma are linked with higher avoidance of physical 
activity. This finding, although not surprising given evidence from other researchers, is 
distressing. Distressing because of the well-established links between participation in physical 
activity and improved physical and mental wellbeing. Because the negative consequences of 
weight stigma are long lasting and track into adulthood2, higher exposure to weight stigma may 
lead adolescents and young adults to avoid engaging in physical activity across their lifespan. 
And as is well described within the COBWEBS model, if the stressor of weight-stigma is 
persistent, a cycle of increased weight gain will ensue.  
This study adds to our knowledge of the association between weight-stigma and 
persistent weight gain, by illustrating another plausible pathway by which the stressor of weight 
stigma leads to weight gain—through avoidance of physical activity. This in turn will have major 
implications for mental and physical health risks. Thus, intervening to find strategies to lessen or 
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eliminate the negative consequences of weight stigma is crucial. Strategies that include but are 
not limited to increasing enjoyment of physical activity via interventions focused on the intrinsic 
value of physical activity, and use of positive portrayals of individuals with overweight/obesity 
in the media when exercising. Additionally, interventions targeting multiple levels of the social 
ecological model (e.g. interpersonal, community, and policy levels) to assist and equip 
individuals with the resources to overcome the demands of the stressor that is weight stigma 
should be encouraged.  
 Harkening back to the original aims of the study, part of the purpose of the study was to 
examine the associations between weight stigma exposure, eating intentions, and eating behavior 
(measured as caloric intake). In addition to exploring these aforementioned aims, an additional 
sub-aim to examine the possible moderating effect of stress on the associations between weight 
stigma and health promoting behavioral intentions (both physical activity and healthy eating 
intentions) was proposed. As it relates to eating, it was observed that prior weight stigma 
experiences was not associated with healthy eating intentions (β= -30.7±84.4; p=0.72), caloric 
intake (β= -24.8±59.8; p=0.68), nor were there any difference in healthy eating intention scores 
(weight-stigma: 4.72±0.59 vs. 4.75±0.49) or caloric intake (weight-stigma: 2,111±162.3 
kcals/day vs control: 1,972±194.5 kcals/day; p=0.59) across experimental conditions. When 
perceived stress was added as a moderator in the regression analysis, it did not significantly 
moderate the association between prior weight stigma experiences and caloric intake, nor 
between prior weight stigma experiences and eating intentions (ps>0.05).   
Recommendations for future directions 
The majority of the studies conducted as part of this dissertation are cross-sectional in 
nature, and thus limitations regarding causality must be noted, and longitudinal studies are 
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needed to understand the long-term effects of stress on the outcomes examined throughout this 
dissertation. Nevertheless, the studies of this dissertation can inform future interventions and also 
build upon current interventions. Specifically, as it relates to psychological stress, evidence from 
prior studies as well as this dissertation, make it undoubtedly clear of the negative effects of 
stress on physiological and psychological homeostasis, as well as multitude of health behaviors. 
Because adolescence is a critical developmental period where the adolescent brain is maturing, it 
is an especially vulnerable period to external factors such as stress.  
 As the findings of this dissertation appropriately highlight, physical activity must not be 
neglected when considering the effects of stress on weight gain. Not only must physical activity 
be considered within the COBWEBS model, but physical activity may be one of the solutions to 
counteracting the effects of stress by alleviating the negative health effects of stress and even 
improving psychological wellbeing. More specifically, exercise may buffer the negative effects 
of stress through physiological adaptation to the stress response system—through what is known 
as the cross-stressor adaptation hypothesis. This hypothesis simply states that regular exercise, 
leads to biological adaptations which in turn contributes to reduced physiological responses 
during subsequent exercise and other non-exercise related stressors3,4. Habituation of the stress 
system through regular exercise and increased fitness leads to decreased amplitude of stress 
responses (e.g. cortisol or alpha-amylase responses). Several studies have shown that acute 
exercise dampens stress reactivity, in turn protecting against the detrimental effects of increased 
stress reactivity on cardiovascular health5,6. For example, Lambiase and colleagues tested 
whether a simulated active commute to school would dampen against cardiovascular and 
psychological stress responses following a laboratory stressor. They found that in comparison to 
a sedentary control group, that those who had engaged in physical activity (i.e. the active 
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commute group) had lowered cardiovascular reactivity and psychological stress in response to 
the laboratory stressor5. Similarly, Roemmich et al., found that 20 min of interval exercise led to 
decreased cardiovascular reactivity following a laboratory stressor among children ages 8-12 
years old compared with their peers who were in a sedentary control group6. In summary, not 
only can exercise dampen stress reactivity, but it can also play a role in preventing further weight 
gain when individuals are regularly participating in physical activity. Thus, exercise jointly 
decreasing the long-term disease risk among adolescents through reductions in stress and weight. 
As such, future interventions addressing stress exposure among adolescents with overweight and 
obesity, should not neglect but rather must consider the importance of physical activity as a 
means of helping reduce stress and increase both psychological and physiological resilience in 
this group of adolescents. Interestingly however, it was also observed that physical activity, 
caloric intake, and cortisol did not contribute to the relationship between psychological stress and 
T2D risk among non-Hispanic Black and White adolescents with overweight/obesity. Rather it 
was found that race moderated the association between psychological stress and T2D risk among 
the adolescent participants. It is likely that other factors beyond these behavioral and biological 
measures are playing a role in the association between stress and T2D risk. Factors such as social 
support and its numerous dimensions, stress appraisal, and/or more specific measures of stress 
beyond that of perceived stress or chronic stress measured via cortisol may be contributing or 
driving the association. Given that race moderated the association between stress and T2D risk, 
with higher levels of stress associated with lowered insulin sensitivity among non-Hispanic 
Black participants, it is likely that factors such as racism, and racial discrimination may be 
underlying and in turn, driving the association between stress and heighted T2D risk among 
Black participants. As such, it is imperative for researchers and interventionist to create novel 
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programs and interventions to lower stress and increase resilience among non-Hispanic Black 
adolescents, and for policy makers to enact policies that address the numerous 
socioenvironmental stressors faced by all adolescents, and especially those experienced by non-
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